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_ SOME SOIL PRESSURE TESTS - 


By H. DE B. PARSONS’, M. Am. Soc. CE 


Pervious Soils” . Measurements were made. of the horizontal pressures 
on a stationary from, bank ound bank gravel. ‘The 
‘fills were 7 ft deep, and alternately dry, fully saturated with water, 
ed. The results s indicated that the horizontal pressures for a pert a pervious 
_ soil are more dependent on th angle ¢ of internal friction than on the angle 7 


of Tepose. At the 0 irrigation, pressures became until 
— 


a This research was made to verify the horizontal pressure due | to a fill com- 
pletely saturated water. Such conditions may occur behind retaining 


walls and dams. riters of textbooks have : assumed that the horizontal 


= equalled hydraulic pressure ‘plus: the soil” pressure when using 
| 


the weight of soil 3 in water and not in air. re These “tests on sand and fine 
zontal pressures (due to fll and water ‘near the 


decreased and then to increase as the hydraulic pressure from the 


> The testing apparatus used in this investigation is described in detail at eee 
the end of this paper. The front end of the testing apparatus was closed by 

a suspended bulkhead, sealed at the edges with painted canvas (see Fig. 1). if 

This bulkhead was supported by steel rods and links, and was carefully 
balanced to hang vertically after the scales ¥ were attached. in position, 
iy lower edge was } in. above the floor of the in a area exposed 

to the fill was 4.926 ft wide by 6.979 ft high. Three scales, A, B, and C, oo 

Notg.—Discussion on this paper will be closed in February, 1934, 


uge Prof, Emeritus, Rensselaer Polytechnic Inst. ; Cons. , New York, 
An. E., Vol. 93 (1929), p. 13: 
P 


4 
— 
1 
q 
| — 
— 
— 
7 
— 
— 
E 


S$OME SOIL PRESSURE TESTS - Papers” 
the lever and movable- type, with knife-edges and ‘pall-bea arings, 
attached to its outside face. Each scale could | weigh 3 000 lb, or a total “a 
9 000 Ib for the set. The scales were located so that each might take } prac- 
tically the same loading when the apparatus was full. The end levers had 
ae a freedom of movement at their. tips of 4 in, and the measuring leverage 


was 125 to 1. I In consequence, , movement of the bulkhead was restricted to 


a 0.004 in. _ Therefore, the bulkhead can be considered as. stationary at all 


Fig. 1 illustrates the face of the | bulkhead exposed to the “pressure of the 
“fill, ‘and also gives a side view with the scales attached. _ The crosses on the 

(Points A, , and ‘Fig. 1 (b)) mark the centers al the Seale attach- 


q 


boo 


(a) SECTION ATTEST BULKHEAD view OF TEST 
SHOWING SCALE ARRANGEMENT he SHOWING LOCATION OF SCALES 
nents. dimensions are in feet, as determined from ‘the finished bulkhead. 


~<y canvas, sealing the edges, is not shown, but will be described later. The | 
“sum of the three seale readings gave the horizontal pressure, and the center 4 
the: resultant pressure from the individual “seale readings. 


‘bottom of the bulkhead | were by ais 


as ‘The > apparatus was standardized by filling it with water. A series of 
tests wer were made with water ‘at various depths on the bulkhead, and the cal- 
n (1)) are given in Column and 
the results dis i in Coleman (5), of 1 . The theoretical 
pressures, using weight of water at 62.22 lb, on area bulk- 
head found by multiplying the | actual: depth by ies of 4.926 ft, were re 


5. 1% greater ‘than the sums of the scale pressures, Column 
to overcome the stiffness 
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the bulkhead and influence of the canvas sonling i its edges. was 


ae that the actual location of the center of pressure fell somewhat below. _ - 
the theoretical, indicating a reduction in the head acting on the bulkhead. — i 
To compensate for the reduced pressure and to harmonize the discrepancy in a ; 


_ the location of the center | of pressure, it was assumed that the water acted — 


on an “effective” area 5, 5.1% less than its total area exposed to th the water, As © 
both the width and height had to be diminished, this assumption results” 


in a ‘slight | error which, however, was ‘thought permissible. 
By inspection, the effective areas had an approximate width: of 4.75 ft, 
and effective depths of 0.073 ft less the actual ones. These reductions 


in dimensions would have remained constant for shallower depths of 
water, but ‘that is immaterial as only | the actual depth (6. 979° ft), was s used 


T PABLE 1— —Sr ANDARDIZING xa Tests; W ATER RES—CALCULATED 
Heap or W ON Ei ON BuLKHEap, CENTER OF RESULTANT 
BULKHEAD, IN FEET IN Pounps RESSURE ABOVE BoTrom or 


4 lective | — from Av erage pin ated Average 
by scales” by scales 


— 


* Table ‘effective heads of water, given in in Column (2), were de- 


termined by deducting 0.073 ft from the actual head Column (1). The 


7 figures in Column (4) represent the water pressures on the effective areas, 
while those in Column (5) were obtained from the averaged scale readings. 
The figures in Column (6) are one-third | of those in Column (2), while the mi ie 
figures Column ) are ‘the averaged results of calculating the centers of 
= pressures from the scale readings. A comparison of the figures in 
Column (4) with those i in Column (5) and, also, of the figures i in Column (6) 
ith ‘those in ‘Column (7 show the agreement between the working of the 
scales. and the calculations based on the effective area of 1 the bulkhead. Resi 2 Line a 
Tog get the true pressure of the fill in any test, , the sum of the pressures, 
‘recorded by the. scales should be increased in the ratio of 100 to 94.9. This 
“corrected pressure” should. be divided by 4.926 ft, the e width of bulk- 
from canvas to canvas, to get the ‘ ‘corrected pressure” per foot width, 
. The horizontal pressures recorded are for dry, saturated, and drained fills, ba 
pth of 7 ft, which, with the 4-in. clearance under the bulk- 
‘made the 6.979-ft depth on the bulkhead. While t the e scales recorded the 
e to the dry and drained (wet) fills, those for the : saturated an 
were the sum of the full hydrostatic pressure plus the pressure due to the 
“irrigated soil. Rial ‘The recorded p pressures do not include frost action, as freezing 


another set of conditions and id likewise of pressure. 
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Many of the ealoalations were the sliderule 
numerically, long decimals were shortened. Soil tests, such as those described 


this paper, will not repeat with strict accuracy, and only a close approxi- 


by, 


x ail The soils tested were bank sand and | bank Sey Three each 
i 7 were e passed through a set of Tyler sieves, and Fig. 2 shows the mechanical 


analyses in graphic will be noted that the bank 


— 
Retained 


er 


Fine | Medium 
sand | sand | 


_ considerable proportion of small particles. at Samples v were taken | of the bank 
“atk sand as received, and its loss of weight (moisture) v was determined by drying» 
a 5 per cen e gravel, the loss was about per cen oF 
at 5.45 t. With the gravel, the 1 bout 5.5 t. All the 
“ie tests herein recorded as “dry” really contained these percentages of moisture, 
eee: a Careful tests were made to find the weights and other characteristics of 
| the sand and gravel, which are given in Table 
The samples were “rodded” according to the “rules of the American 
os for Testing Materials, Specifications C-29- 27. The samples were 


: Bef rammed. by a 20-Ib bar, dropped 6 in. ‘The bottom of the bar had an area 


in order to conform with the “rammed” m ial i in the 


Percentage 
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sour PRESSURE ‘TESTS 

in which the material was in 1- ft layers” and compacted with | 

tamp p with a fall of 6 in., each layer. being rammed twice. tamp 

was always used with the flat of the base parallel to the slope; that is, all 


was at a right angle to the surface of the | slope. 


TABLE 2.—GeneraL Data ror Mareriats Teste> 
— 


of rodded By in pounds per 


Weight in water, in pounds per cubic 5 : 
Percentages of voids on rodded 30.48 
Weight of water, in pounds per cubic foot, at average oftemperaturesused; = 62 


The low percentage of voids in the g scl was due undoubtedly to = 
ta fact that the gravel was well graded, the cocpaipeu the larger particles 


ag ‘Seven series of tests were made, with | seven tests in each series, or forty-_ 
In each series, the soil ws was put into ‘the testing apparatus, — 


nine in all. Se 
Ss without surcharge, its surface being always” level and 7 ft above the bottom — 

of the he apparatus. It It was then alternately irrigated and drained. The 
= a was allowed to enter the ‘apparatus in the open space behind the cross- 
partition ; it rose at an approximate rate of 1 ft in 5 min, and this ‘space 
7 was kept full until the water became flush with the ‘surface of the soil. 

Records of the scale pressures” were made before water admitted, 
afterward at intervals of from 3 to 5 min, until the soils were fully saturated — 
and the scale readings became c constant. The: apparatus was then drained at the © 
approximate rate of in. in 5 min until 2 ft was drawn off, after which 
the rate was : increased. to 2 ft in 5 min, as 3 measured in the open space. As a 
before, the scale readings were taken at intervals of from 3 to 5 min, and 


continued until the became constant. procedure ¥ was ‘repeated 


the apparatus | remained full of soil and water for 18 hr, or longer, and then 


was allowed to drain for 12 hr. i" The water did not rise and fall at the bulk- 
head at the aforementioned rates, because it was admitted to, and 


% from, the s} space behind the plank partition | (see Fig. 4), and had to leak 
the | partition and seep the soil time) before 
=) 

about hr, and for a 1 and 15 min. 


rh 


n “seale “pressures were tests between which there were no no 


Inj first series, the ‘ened we was shoveled loose into the apparatus, without 
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Papers 


. had settled 4 in. of its ‘original 7- ft depth, or saalanln per cent. As this 


ered comparisons with the results” of the other six series, in 
soils compacted, only a few results loose, are 


reported, thus: 


"Corrected total load, in per ‘donk’ of «586 


» above bottom of bulkhead, in 2.187 


po 


ade at Angle Mi 


Shoveling the sand ‘into the testing 


weight per cubic foot in 1 the lower portions and thus brought the center of — 


below the theoretical one- -third of effective depth. 


_ In each of the other six series of tests, the procedure was identical with 


a foregoing ¢« except that the apparatus was filled with the soil in 1-ft layers 
and each layer was compacted until 7-ft depth was completed. After the 


last drainage, a final reading of the scales was taken at the end of 12 hr, 
‘and the series swasended. aaw | 


TABLE 3.—Pressures, IN PER Foot or WiptH 


First First Second Second Third 
of | irriga- | drain- irfiga- drain- 


‘| age | tion | ege | tion | age 


Sand compacted in horizontal layers.| 514 | 1 092 1 “1 625. 1 hed 


Sand compacted in horizontal layers. 524 1 057 f 5 | 1 640 1 166 : 


7 _ bulkhead. . chek 1 697 | 1 014 1 622 


bulkhead 536 1 625 | 1 054 


1 656 | _ 964 | 1 626 
6) 


Gravel in horizontal 456 | 1 729 1 683 


These designated by nunibers from 2 to inclusive, ‘and were 


- compacted i in the various: “ways described in Column (2), Table 3. In each 
series the compacting was done by the 50-lb tamp, as already described. _ The | 
orn of the soil at the bulkhead was always 6.979 ft, and the effective head 


was 6.906 ft, as determined from the » standardizing t tests with 1 water. 


| 
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_ The measured pressures (Table 8) are those of after the read- 


ings had become constant and showed that ‘the repeated irrigations and drain- 
= ages: destroyed the effects from compacting. 12-in. layers were too thick 


for any enduring effect under. irrigations and drainages, and the results: 
= the layers sloped either from or toward the bulkhead did are show 

_any appreciably distinct characteristics those when the layers were 
horizontal. he « compacting, however, did consolidate soils, as shrinkage, 
on application of water, was practically nil, ny 


nS From an inspection of the results in Table 4, it will - seen that the hori- 


somal pressure from the sand or gravel when dry (that is, as received from 


the bank and containing somewhat more than 5% of moisture), was 523 Ib 


and 456 lb, respectively, per foot of width, but only 131 Ib a 641 -1 510) and 
196 Tb (1 706-1 510) w when fully” irrigated ; that is, saturated with water. 
These latter pressures ya the differences between the saturated soil pressures 


only, 

| Drained ated Drained 


' 


Total scale pressure on ven’ 
in pounds 080 453 | 7 6 
esultant pressure acting r 
2.300 Be 2,296 | 2.273 


_ effective height, in feett —0.002 —0.0063). -0.029 |+0. +0.054 |+0. 

foot of width, in pounds..| 1 510 | 1 641 o 077 7 1 706 3 027 

Values of tan? (45°-} ¢) ved 195 | 0.093 | 0.356 | 0. 0.125 0. .310 a 

4 Computed 42° 10’ | 58° 0’ 10’ | 46° 40’ | 53° 10’ 0’ 
By experiment 48° 40’ | 61° 40’ : 58° 0’ 


_ * For comparison. _ _ Tt Positive values greater than, and negative values less than, the theoretical: 
+ An allowance of 5.1% was, made for stiffness of bulkhead and influence of of canvas at edges. ‘f 


As the apparatus stood long enough for the water. fully the 

“mass (by rising fr from the bottom to: the top), the water acted on the bulkhead 

both the voids | and pressure: ‘through the soil = 


te boetoctal and the planes of internal friction for the ne soils and for 
fully” saturated ‘soils varied. The angles always were’ smallest for the 
drained soils, intermediate for the dry soils, and largest for the saturated - 
si It will be remembered that the ‘intensity of the horizontal pressure 
inversely with the angle c of internal friction. Tine to od 
. Pt The figures in Item No. 5, Table 4, were determined | from the ‘equation 
horizontal pressure = 4 w tan? (48° — in which the pressures are 
i given: in Item No. 4, the values of w in T able 2, and h taken as the effective - 


x 
4 ‘heads, _ In the drained conditions, water remained in the interstices between 


> 


particles, : although ‘drained £ soils. heavier, which 
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¥ to water only, was the pressure from the weight of the soil. Applying the #7 
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orizontal pressures. For ‘the drained conditions, an 


allowance for increase in weight was made by assuming ‘that one- half the 


voids ‘were full of water; that i is, , for the , drained sand the weight was taken 7 


tion ‘will ‘not cause : a serious s change i in the results ‘quoted. nS was not neces- 


‘mass. The. angles of internal fri iction, ‘No. 6,T able -corre- 

_ spond to the tangents in Item No. 5. wa is difficult to -duplic ate the exact | 
conditions of a large test mass of a soil in a much smaller sample, but an 

as effort to do so was made which gave the | angles ‘ ‘by experiment,” ‘as mentioned 
aa in Item No. 6. _ This was done by putting» the compacted soils in two boxes 
and measuring the force t to pull one over the other, allowances being made 
. for the weight of the upper box and for the friction between the boxes. This” 
method gave the tangents corresponding to the angles quoted. Ty ‘The soils” 


tested both dry and saturated. what ade Tut 
_ During drainage the velocity of the water between the particles must have 
been ‘appreciable. kk would seem that the retreating water removed ‘some 
“support: from the particles, which it maintained while the mass was ‘saturated 
_ a quiescent state. On the next irrigation, ‘the apparent support t of the 

‘The recorded scale pressures developed an interesting phenomenon as 
irrigation of the soil progressed, which the writer believes to be novel, and - 
_ reported for the first time. . After an initial reading of soil pressure was 

and the admission of water commenced, the combined ‘pressure 


ereased until the water ‘To se about 1 ft, or somewhat less, in the soil. Then, 


water continued to rise in the soil, the ‘pressure increased and continued. 


o increase until complete saturation had taken place, with water standing 7 
TABLE 5.—Scate PRESSURES IN Two ‘Tests as WatTER Rises IN THE Soin, 


Seale A Scales Band C | Seale A =| Scales BandC | Total 
387 2 089 


bok 650 | 2358 


ang" hte d 


at! the level of the top of the fill, This phenomenon was repeated in most = 
oF ie of the irrigation tests, and Table 5 gives the seale rec records for two of the 


The height of ‘soil on the bulkhead was at 6.979 ft, the 


ai. depth: of water was variable, rising from 0 ft at the initial pres pressure record — ot 
to the top of the soil at the last record. It is not why this fall of 


the suggestion is” ‘offered: Below water level, the soil 
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hydrostatic pressure wonld (a greater hn. this reduction of soil pressure. 
Furthermore, introduction of the water increased the internal angle of an 

am tion of the soil, resulting in a decrease of the volume of the soil wedge 

causing the horizontal pressure. ‘This reduction in in pressure from the soil 


‘ would be relatively. greater when the water levels were low and the hydrostatic 


as » progressed, ‘that the r ‘regimen ‘a in pressure 
_ would be similar to that for rise in pressure | due to irrigation ; that at is, = 
pressure would | decrease below and then increase to the final drained pre: 
i ‘The hypothetical calculation was based on the assumption that, at any inter- 
— mediate stage of the water level, the horizontal pressure w was the s sum of ‘the 
a pressure due.to the dry fill above the water level, of the pressure re due to the 
‘fill below _the water level, and of the hydrostatic pressure. It was realized 


that the value of tan’ 


emcees $) did not remain constant as the water 


this linear assumption, but the | interpolations were ap] roximate, 


“Probably the change of the tangents did not as as 


a= 


‘Total Scale Weight in Thousands of Pounds 


8.—TyprcaL Pressure Curves ar VARIABLE DEPTHS OF WarER 
The pressures: for Series 6 with sand and for Series 7 with gravel | are 


"illustrated. in Fig. 3, on which curves of pressure due to water only. fave 

_ been drawn. The broken lines for the | e drainage curves are computed values. " ‘ 
aes The horizontal distance between the water curve and either of the remaining ag 
Y: om measures the pressure from the soil. It will be noted thatthe er 
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& the soil would retain its dry weight. This would reduce the horizontal a -" 
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ence between the water curve and the irrigation curve steadily decreases as 
the water rises. In other words, the part of the total pressure due to the 7 
soil: _becon mes less and less as irrigation progresses until, at full saturation, 
the } pressure due to the soil is only a small percentage of that due to water 


alone. Furthermore, it is only a small portion . of that due to the soil -with- 


out any water (initial pressure), 


mat 


vz 


MT 


(Not Shown in Plan) 


¢ 
Bulkhead 


Clean-out 
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3 planks, and fitted ‘with splines for water- It was 
6 by 4-in. uprights at the ‘sides and sleepers across the bottom and 
teel tie-rods | across the top. A The box stood on a level concrete floor, and 
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its interior width was tapere d to reduce any arching ¢ of the soils. — It was 
‘pape, ‘and the front end was the free bulkhead | shown 
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- were supported by braced posts. ¢ was ‘opportunity in the support- 
ing arrangement to adjust ‘ the bulkhead to the front end of the testing box. 
Tg ik rods were in the of the center of gravity. 
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“the top of the bulkhead were openings at the edges « of the 
"bulkhead were closed by canvas tacked the e sides and bottom, then miter- 

folded at the bottom corners, and tacked to the bulkhead. The canvas was in 
two layers” painted to prevent leakage. When the apparatus was 
= empty and ready for testing, the scales were balanced at zero ‘readings, and 
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very sensitive to pressure on the bulkhead. | . ‘The rear end of the 


vow 


but such additional work was not “undertaken, 1! To reduce the ¢ quantity of 
e 


soil handled, | a loose | plank partition was placed ’ 7 ft back from the bulkhead 
as shown i in Fig. ies This was far enough so as not. to interfere with 

the planes of rupture of the soils. W ater for irrigation was admitted to the 


4 empty space in the rear of this partition, and it flowed through the — ; 
| Joints and the soil tot the bulkhead. . There was also a valve for drainage. 


1 —There are many variables 1 in soil ithe and only w: the abiealie 

of a number of researches can — established, which the 

—It may be said that “qrohing” affected the results of these tests. 

Arching might have occurred i in the “dry” "tests, but the repeated irvigntions: 


- and drainages which followed ¢ gave such uniform results that arching did n 


3.—The results of these tests approximate the Rankine and the Coal — > 
“theory for soils without surcharge, _brovided ¢ is the angle of 
friction and not the angle of r repose. Field observations of unsupported 4 
banks, in which the soil had some moisture content, show a st surface of 
rupture that is not a true plane, but is nearly vertical at the surface and 
‘more horizontal near ‘the bottom. Such observations: ‘confirm ‘the: 
test results, namely, that the wedge causing the ‘pressure is ‘smaller than i in 
“theory, which uses the angle of repose. 
4.—These tests indicated that the center of pressure, on repeated - irriga-— 
tions and drainages, approximated the theoretical 4h, except for the drained oe | >: 
gravel where the center was considerably higher the theoretical (see 
Table 4). . It is not apparent why the point of resultant pressure was high > a i 
the gravel especially in the drained state. It is conceivable that the 


plane of rupture in this coarser material was a warped or curved 


which reduced the section of from the theoretical triangular | shape 
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ae and placed its center of gravity , above that of the triangle. The wet condi- 
- tion after drainage may have increased the cohesion of the gravel particles 
~ and thus produced a smaller wedge by a curved rupture plane. EA, st) jn 


-@ - §.—When the soil was fully irrigated, the pressure consisted of the hydro 


static pressure plus : a pressure due to the ‘soil, The portion of the pressure 
eter ‘using the angle of internal friction 1 as deduced from the dry n material ij 
“(that is, , containing about 5% moisture), , and making an allowance for the fr 
-veduced weight ed the material; that is, the ratio of its weight in water to. a 


as - ite Weight in air. It may be that under saturated conditions, the plane of 


rupture is curved, rather than flat, as herein’ under Summary 


fully irrigated conditions it would | “seem from Table 4 that 
the pressure due to the sand was 131 Ib (total pressure, 1 641 Ib, Jess ydeaslic 
Pressure, 1 510 lb). This soil pressure was about 25% of the dry soil pressure, 
namely, 523 Ib. In the | ‘way, for the gravel, the total pressure was 
106 Tb less ‘the hydraulic pressure, 1 510 lb, leaving 196 for ‘the gravel 
- portion of the total. ‘This latter value is about 43% of the dry gravel ll 
456 lb. It will be noted that these soil-pressure percentages are. 
a much less than the poreentages of the weight of the sand or gravel in water 
to their weight i in air, which were about 61 in both cases. WNT to 


—Under drained conditions, the horizontal pressures of the soils were 


hig and the computed angles of internal friction were low, when compared 


to the results for dry and saturated conditions, - This was probably due to he 

the increased weight of the water retained in ‘the interstices, and also to a ar 

ae possible hydrostatic pressure resulting from the “head” corresponding to the | 

water thus held by the particles. Ordinarily, wet soils are stiffer than dry 4 

‘soils due to cohesion between the particles, but these drained : soils ay 4 

retained more water than necessary for maximum ‘cohesive effect. 

Cay 8. The scale pressures as given in the horizontal lines of Table 5 5, were - 4 

taken at similar intervals, and, therefore, the sequence of decrease and sub- 
sequent increase of pressures is comparable for both the sand and “gravel 
tests. Probably the gravel, being the coarser, allowed the water to seep 
through its mass faster than through the sand and rise more. quickly on the 
bulkhead. Thus, the lowest pressure for the gravel occurred at the first 

interval, after the initial, » while for the sand the decrease continued until 

> The writer acknowledges his thanks to the Trustees of Rensselaer Poly-— 
ae technic Institute, Troy, N. Y., for partial financial assistance, and to Palmer 3 
Bie ‘Ricketts, Hon. M. Am. Soc. ©. E., for space for the apparatus. He is. & 

indebted, furthermore, to R. Lawson, M. Am. Soe. C. _E, and Professor 

_ Edward J. Kileawley, for determining the weights of the coalies) to Lt. Hunt Ru 

Martin, C. -Post- ‘Graduate Student at the Institute, for 


me manipulation of the tests; and to Eugene E. Halmos, M. Am. Soc. C. E., 


in the analytical work, abs to goa ads 
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LINCOLN HIGHWAY FROM JERSEY CITY 


order to take care 2 of the vehicular at west end 


N. , and New ‘York, Ne 
the New J ersey | State Highway Commission began in 1924 the construction 

“of a‘ “super- -highway,” leading from the tunnel through Jersey City, Kearny, — 

‘bout, and Elizabeth, to connection with existing or new State highways. 

The construction of this highway was completed i in 1932, | 
As this “ ‘super- highway’ necessarily had to through -up sections 
of cities, and through other sections highly developed for railroad a 
= lustrial | purposes, and as it was € expected to carry a large vol volume of traf a 
‘it was decided at the ‘inception of of the work it so to avoid grade the. 

= this paper are discussed “he general aspects of ‘the design of this high- 


and 


The last link of the New J ersey State Highway, Lincoln 
: ' Highway, y, leading from the west end of the I Holland Tunnel 1 through Jersey ae 
a City, Kearny, Newark, and Elizabeth, to connection with the main highways a s° 


to Trenton, Philadelphia, Pa., a1 and beyond, was completed eight years: after 


the of the work, and was opened for, traffic on “November 24, 1932. 


4 a This highway, the alignment and partial profile of which are shown in Figs. 1_ 


and 2, respectively, is miles long, and its cost has been approximately 


present (1983) th this highway carries traffic at the rate of 11 000 000 


Bie oss: baad year and is expected to become one of the most —T 


ate 


—Discussion on this paper will be closed in 1934, 
g Engr., State Highway Comm., Trenton, J 


— 

= 

| — 

— 

7 

a 

— 

— 

| 

_ 

q 

> 


at 


TI 


ie 


ity 

edt 

tigte 


A) 


adi te 


7 | 


Elevation in Feet | 


‘ 


let od 


> 
oO 


ximate ) 
NEWARK, AND ELIZABE 


w 


Scale in Feet (Appro: 


1on in Feet 


j 


evat' 


Z 
& 
2) 

5 
= 
a 


25 


ITH 


Rot 


“aa 


levationin Feet 


> 


— LINCOLN HIGHWAY IN NEW JERSEY. 
ay 
— 
— 7  °» 2 


— 


< 
November, 1983 UINCOLN HIGHWAY ‘NEW JERSE 


0 500 1000 2000 3000 4000 5000 


Scale in Feet 


fassaic River 


wie 


Hackensack River 


MH W. Elev Cinder Fill — cinder Filt< M. H. W. Elev. 300- 


and Swamp Mud | Mud 
Grey Clay and Sand 


Elevation in Feet 


Bee al 


| 

Co. 
| 

R 


ut 


| Hudson 
ie R. 
C 


Ground Surface 


Tonnelle Circle 


VF 
7} 
12 
> 


Route 1 


| Yards | 
Jersey Ave. 


Se 
Elevationin Feet 


Red Sand, Clay 
and Gravel 


2.—PROFILE FROM HOLLAND NEWARK 


rei 


round Surface f - Gravel 


1891 
= 
— —_ 
Mud 
ae 
= 
— 
4 
NE 
| 


HIGHWAY IN NEW JERSEY Papers 


in the wo greater part of its length it goes oes through built-up 
of cities with heavy street. traffic, or through land developed for 
_ industrial and railroad purposes, and it crosses three navigable 1 rivers. oat i 
When the pr project was s originally conceived it was appreciated that these 
conditions would affect, materially, its economics as applied to construction 
and use, and, for that reason, a careful study ¢ of this phase » was made prior z 
e to actual design, ‘so as to co- -ordinate, : as far as possible, the cost | 7 ; 


— with the cost of construction. — This study indicated clearly, that it it 
would be of economic ¢ advantage | to design the highway throughout. the greater . 
part, of its length so as to avoid grade intersections with railroads and 1 with 
other highways streets. first, consideration was given’ to movable 
bridges for river crossing s but, subsequently, it was decided for | 
; a to provide fixed bridges, high enough above the water level to clear 


‘= This decision established the principle, , that the section from the he Holland 
Tunnel in J Jersey | to. Newark Airport ‘(a distance of A miles) ‘should 
be designed | as to avoid all interference from cross- -traffic. Beyond the 
Airport, the route passes through partly undeveloped territory with little | 
- immediate need of grade separation, and it was possible, 1 therefore, to design 
greater part | of this section as a surface road. 
various political, physical, and economic considerations that led to the 
i) final location of the highway are described in a previous paper* and will not 
be touched upon herein except to add, that no attempt was made to sub- 
ordinate the alignment t to p possible variations in the sub-surface conditions for 
_ the purpose of making a saving in cost of construction. — This was partly due 
to the probability that such ‘savings in the « cost of foundation construction, as 
- might be attained by a change of alignment, , would be small; 
a part : it { was due to the fact that any such change would “=i increased 


the cost of vehicle operation out of proportion to the possible saving in 


q 


= 


te angle ¢ of a a crossing over highways, railroads, rivers, because any 

struction cost would have huts avccbalensal-an greatly by the | conse- 
a quent additional cost of vehicle operation. . In fact, the highway crosses the 
at _ Hackensack River at an angle of about 50°, yi and the Elizabeth River, with « an 
an S-turn, is crossed three times by the viaduct | carrying the highway. ae 
. avoid grade crossings with other traffic arteries, the highway i in general 
- sy has been built above them at t such elevations as V were necessary to provide the 


"Proper: -under- clearance for the type of traffic crossed. For highways and 


is ‘At the c crossings of a Hackensack : and. Passaic Rivers, which rivers “carry 
| going vessels, the under- clearance height was was made 135 ft at mean high 

water across the full width of the dredged channel; while at the crossings of 


are vel.) bose 


os Elizabeth River, the under- -clearance height was made | 22 ft at mean high 


he “Highways as, as Elements of Transportation,“ by Fred Lavis, M. Am. Sac. C. E., — 
actions, oc. C. B., Vol. 95 (19381), p. 1020. 
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water. At the crossing points, the Elizabeth River is only a small: stream 
with practically no channel depth at low water, but, nevertheless, ‘it is clas- 
exception to the general mé method of locating the highway above the 
surface traffic was | made i in Jer ersey ey City, where it crosses a hill about 100 ft 
j high and about 3 mile wide. In order to avoid excessive rise and fall on 
- the profile with the consequent additional cost of vehicle operation, the line 

at this place was driven through a a subway below the surface streets, sm 
5 oleae previously stated, there are no grade intersections’ with any kind of | 
traffic routes between the Holland Tunnel and Newark Airport; but, with 
the exception on of certain isolated places, beyond the Airport ‘ies tee no rail- 
way crossings, and tl the intersecting” not of sufficient 
importance to warrant grade separation. The greater part of the line between 
Newark Airport and the southern boundary of City of Elizabeth, there- 
fore, is designed and built as a surface road or Oni 
g a In due time, however, it is probable | that the vehicular traffic will develop 
"sufficiently to justify a grade separation. For this reason a strip of land, 
120 ft wide, has been acquired throughout. this section. present, ‘the road- 

occupies the central 50-ft. strip of this right of 7 way. remainder, 


which is intended for ‘sidewalks and local” roadways, is” separated 


j from the highway by 1 narrow longitudinal ‘ Gslands.” ” When the crossing traffic 
has developed sufficiently tc to warrant the change, i it is contemplated to to > raise ei, 
the grade above the cross- traffic level, leaving - the local ‘roadways at the pr present a. 
grade to serve the surface traffic along the line of the highway. iia ae . 
_ Physical, topographical, , and economic conditions have necessitated the the use 
of many types of structures. Generally none of these types is novel or 
unusual i in itself, but many of the designs, which now seem entirely obvious ~ 
and simple, were the final results of many § studies 5 with various plans. The 
work on the highway w was started in 1924 and completed in 1 1932, and during ~ ay 
the intervening years, design was continuously in progress on some section 
of the highway. In details, the design of similar structures was not always” 
iin they were developed at different periods, because of 


tional knowledge and and experience 


‘the “a ‘the e work the width| of the was _estab- 


dt | lished at approximately 50 ft. In the earlier designs the width actually was a 


the made 48. 5 ft, but, later, the roadway was made 50 ft wide. The maximum yin 
and gradient > was established at 3. 5%» which value was maintained throughout the 


work for the 1 main roadway. At grade breaks vertical curves were introduced, 
which were | made quite long i in the earlier period; but it was found difficult 


nigh at times to provide proper drainage with these long’ curves, and gradually tet 


s of became ‘customary to make the length 67 ft for each 1% of grade change at iat 
high ridges, and from 33 to 50 ft at valleys. In special cases, where these lengths — vit 


have been decreased, because of physical conditions, an easy riding surface eo 


and a sight distance of not less than 500 ft have been maintained. — et ba BB ; 
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It was from the beginning, that the radii of horizontal cur curves: 
should: not be less than 1000 ft. , and, generally, this minimum requirement: 
was maintained, although in some cases it was made less. For the designs 
= the more recent , the tendency was to increase the ‘mini- 


—— 


‘Remap connections have been at ‘ending from the 
cent oadway surfaces" to the new level; and ‘usually they enter at the ‘middle 
the highway, which is widened and divided where such r ramps occur, 


At first, the reverse curves at b these. wide sections were generally made with 
radii of 1000 ft. — In one. case, where local conditions were unfavorable, the 


reverse curves were designed with radii of less than 500 ft, but the result 


10 satisfactory. . Later, the radii were increased to 2 000 ft for the | 
_ convex part, and 1000 ft for the concave part, of the reverse curve, which ; 
ia the traffic to m move with greater smoothness and safety, and the 
additional cost of construction was generally relatively small. 

_ Wherever it was ‘Possible, it was found advantageous to place the head J : 


‘a center t - ramp at a curve in the main line in | order to , avoid reverse curves 


Such an is | indicated in in Fig. 3, which shows the ‘outline of the 
ft 


G. 3.—OUTLINE | OF KEARNY, N. typ ven herd 


ramp connection in Kearny. — si ‘The curve re angle of the alignment at this point 
io small, but it was possible, nevertheless. , to construct the roadways without 
“It was of course, to introduce a a ventions curve in the profile at 
= the head of a ramp. Where the profile of the main line is. descending in the 
same direction as the ramp, no ‘difficulty, b but if it pitched in 


certain. cases, therefore, t to 0 dip | the 1 profile of the main one at the head 
of the ramp. Such a dip w was made near Newark Airport, as shown in Fig. 4, 
a material in cost was gained by this expedient; 
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‘the appearance of the viaduct, as seen from the side, , is not as ‘satisfactory as. 


- might be desired, because the reason for the dip is not apparent pe ni. ek wn. 

ad Center ramps usually have been made wide enough for two lanes, one for 
entering, and one for leaving, traffic. The actual designed width of the 
i ramps | has been changed from time to time, but in the later designs it was 

r 24 ft. In some cases the gradients have been made a maximum of 5. 5%, in 
order to shorten the length of the ramp. 

intended t that 1 no (U-tu ‘turns s should bet made at the head of 


dueed at ‘important ‘street crossings. at add yor’ 
This was done, for example, in City, State Highway Route 
No.1 leads from the George Washington Bridge south to Bayonne. | ‘When 
the highway w was the intention was to provide a 


desta for the surface intersection to. minimize as much as possible the in- 
evitable delays as well as the chances of accidents. ~The diameter of 
~ center line of the circular’ roadway was made 240 ft, which i is ‘rather small, 
but local conditions did not permit a larger diameter: heavy addi 


a” 


tional cost, and with a simple crossing this diameter | should have 


i 

sufficient for satisfactory vehicle operation. A diagram of the traffic — 

with. the originally contemplated street connections indicated in full lines, 


In the ‘meantime, however, an additional street connection 


| 


wil 


« 
4 
— 
a = 
— 
. 
outgoing traffic in the opposite direction only. The original plan of con-— 
| nections, therefore, contemplated that alternate ramps should serve the traffic. a 
| 
| 4 > 
intended also to. construct a surface highway leading west from the bottom — 
7 ; of the ramp, so that, in fact, there would be a surface grade crossing at this’ ~~. ae 
| 
— 
A 
— 
, 
mentiy, the efticient use of the circle. ater, Was decided 
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viaduct so as to ‘provide a direct connection with Route 


‘No. :.. in addition to the eastbound connection (see dotted lines, Fig. 5). gis 
ti is quite apparent that with these additional roadways the . traffic circle 

: originally intended; ; in fact, traffic control by signal 
‘" _ lights and traffic officers has become necessary. With this control the flow 

of traffic is “reasonably satisfactory, but it is probable. that the circle would 
have been made larger or that some other arrangement would have been made, 
«if alll the roadway connections had been considered at the time of the original 


ay There has been some doubt ¢ as to the advisability of using center ‘Tamps 
- rather than side ramps, mostly on account of the delay that may occur when : 


7 


through the fast: ‘moving inner- Jane traffic. to the lane alongside the curb, 
No doubt, some delay 3 may occur at times; ; but, on the other hand, the traffic. 
probably moves ‘more smoothly if the curb line is not interrupted, as } would © 
be necessary if side ramps were used. In addition, the cost of the work 
is often materially increased with side ramps, where, the high- 


indented in Fig. 2, the sub- surface varied 
place the line of the highway. or other firm materials 


in place) were where ne ‘necessary, either to earry 


extend beyond the -ground-\ water level. 

-cast piles were usually 16 in square, , with beveled corners. Cast-in- 

place piles were used in the foundations of the piers for the viaduct ‘portion | 
of the highway across the J ersey City 1 meadows east of the I Hackensack River. ; : 

r Where the lengths required were-in excess of the maximum available for this 

type, composite piles were used, having a lower pre-cast section and an upper 


‘Batter piles were required whenever ‘there was any question 2 as ‘to ‘in 
lateral stability of the foun ndations, but merely an extra precaution 4 


ie because foundations of this type were used only where the ground could 


be expected to resist such lateral | pressures a as ; might be developed. 
oe one case, special arrangements were provided in in the design to prevent 


displacement of foundations on concrete piles due to lateral pressures | that 


might be caused by mud waves in the surrounding ground. This was in 
‘the meadow section Jersey City, east of the Hackensack River, where the 
ground. ‘surface is just, about the level of mean high water. ‘The ‘upper. 10 ft 


a ae more of the meadow i is soft silt, covered with vegetable growths, the roots 


and sand, extending to rock, about t 60 or 70 feet below. the 


of which form a tough fibrous mat. Below the silt are various mixtures 
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+ The concrete foundations for this section were designed to ext extend 10 ft 


or more below. the surface level and to be supported on concrete piles, 7 
: _ this arrangement, the top of the piles would generally be below the silt and 
the underlying material was expected to provide proper lateral support for the 
‘ f the overlying silt, caused by filling in the meadows, or by other construc- 
tion work in the » vicinity of the highway, ‘might possibly ¢ cause lateral ‘mud > 


which would tend to displace the foundations. For this reason it was 


7 decided to include i in the contract for the foundations a design for the two 
earth dikes, one at each side of the right of v way of the highway, but outside a 

; - the fc foundation sites. The design provided that strips of the vegetable mat, 

tie in. wide, should be cut and removed at each side of each dike prior to the 
placing of the fill. © This was done to prevent the ‘fill from being suspended — 
on the tough vegetable mat and to insure its ‘settling through the silt, dis- 


placing and consolidating it so as to form dams, which would prevent “mud 
waves from reaching the he 


As the dikes were used as roadways to provide access to the working site = 
while the work w was in progress, their constructio n is not believed to have 
added to the cost. if they had not been included in the contract, the Con- 7. 


‘tractors would have had to make similar fills in order to provide access to Aa i 

their work, and the ‘cost would necessarily have been included in some of 

‘the pay items under the contract. On the other hand, by including the con- 

struction of the dikes in the cot ntract ‘as a pay item, this necessary work was 

under the control of the Engineer, and the fill was placed in such a manner bie 

it served a useful purpose, not only, during the construction period, but 

also in the permanent structure. $= 

‘Where ‘soft ‘material lateral, stability. was 


7 foundations were used instead of piles, as, for example, at the foot 


—< length of the piles. it was | thought, however, that future disturbance 


| 


of the steep east slope of the hill in J ersey City. mn Except for ‘some surface 
‘fill, the borings | at this place indicated that the sub-surface material + was soft: 
- silt, to within 8 or 10 ft of the top of the, underlying rock, which | was about 


10 ft below the surface level. ‘The viaduct structure at this “point was 
4 tot be about 80 4 ft above the surface level, ‘and rather long | spans were money 
e account of the track arrangement of the railroad yard, over which = me 


of 
viaduct was to be built. — Taking all these matters into ‘consideration, caisson Pte 


The foundations were designed as ‘cylindrical concrete piers, 


- which were 8 ft and some 10.5 ft in diameter, and individual piers were used — 


each viaduct: column to be supported. ‘The caissons were designed 
cylinders with an outside diameter equal to that of the 


- finished pier and having a minimum wall thickness of 2 ft and a minimum © 
"specified ‘reinforcement. After the caissons had come to a proper bearing, 
the construction was completed by filling them with concrete so that the 


in effect a solid concrete cylinder. 
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ad more extensive use use of caisson foundations was was made i in the construction 


Bie. The sub- y-surface ¢ strata, 1, as indicated by borings, are shown in Fig. 2. 
_ It will be seen that the ground | surface throughout this section is at or near 
the level of the water of the rivers and that the materials overlying the rock 
are ‘soft a a unsuitable for foundations. ri The surface of the rock, which at 
the east ‘side of the Hackensack River is about 80 ft below the g ground sur- 
face, rises rapidly toward the river. n The original rock line at certain points 4 


under the river was perhaps less than 20 ft below the water level before the 

channel was deepened. of ‘the Hackensack River there is a rapid drop 

_ of the rock level which, near the west shore, is more than: 90 ft below the = 


cs 


- water level. This somewhat peculiar formation appears to | be due | to a sub- 

terranean rock ridge, ri running in a north and west direction and intersecting . 

the river at the location of the | highway. 4 The rock surface continues to drop 

until, at one point about midway between jee Hackensack and Passaic Rivers, 


the level is about 140 ft below the (see Fig. 2). From this the 


to the ‘sub- -surface conditions it. was deemed pag use 


sack River to ‘the “west ‘side of the ‘Passaic River, design. for ‘the 
F foundations was prepared accordingly. ‘The drawings, however, did not show 
_ the details of the design of the caissons, but only the outlines of the finished 
work required, namely, ‘concrete ‘piers: of certain horizontal cross-sections 

extending from a a given “elevation near the ground surface to a 

depth: as would be necessary’ to attain proper bearing on sound rock. 


moO for not showing the details was that, after all, it is the finished 
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product that is desired, and as long as the work is finished in a safe and — 
suitable manner, the method is generally of 1 minor importance. _ 3 ‘In this way 


the e individual contractor was a also given an opportunity to design and con- 


_ details of construction, which the contractor proposes to use, shall be submitted 


an oO the engineer for his approval before the proposed work is commenced. etd 


‘The caisson work for this section. was divided into two eiitietatn and the 


struct the caissons according to such methods as his experience dictated might ue 
be most suitable and economical. The specifications provided, however, that, 
Bae , ‘Detail drawings and descriptions of the caissons and of the methods and ; 


_ two contractors submitted different designs for the caisson ee 
according to their individual preferences. | One of ‘them proposed | a aun 
wooden. caisson, with the idea of placing the caisson concrete during the sink- 
_ ing operation, , and leaving the ‘wooden sheathing permanently in place. . The ‘, 
+ “other preferred to construct section after section of a concrete caisson, remov- 
ing the ‘wooden forms before sinking. designs were acceptable to ‘the 
"Engineer, and i in both cases the work was done satisfactorily... 
For this work, as well as for all other caisson work, the specifications 7 


stipulated ‘that compressed air should be used when the cutting-edge of 
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the caissons had reached a — a few feet above the rock surface, and that the — 
aya should be sealed to rock under compressed air. _ When the design — 
was: being prepared, consideration Was given to the fact that, for some of 

deeper -caissons, the air pressure needed to seal caissons might be 
 geaatene th than that permitted by law, if the ground should: be found to be of an 

open character. An examination of the boring samples aon indicated, how- 7 
ever, that he to be penetrated would be of a stiff, clayey, and 
_ impermeable character when exposed to the air ‘pressure, It was believed, 


therefore, that if the work were done properly, the necessary air pressure 
would be “materially less than the theoretical ray head indicated by 


a be correct, because the maximum air pressure used 2 at any time during 


the: construction of the caissons was 48 Ib per sq in., , and in the greater: 


number of cases it was considerably less. The method of construction was to 
_ sink the caissons by open dredging until the cutting- edge was near the rock we 


surface, The wells were then roofed over, and the remainder of the excava-— 


ve Owing to the depth to which the. caissons were to be sunk, as well as to 


the 1e height of the - superstructure and to the character of the material to be 
penetrated, all. the ¢ caisson foundations between the east side of the Hacken- 
| sack River and the west side of the Passaic River were designed so as to 
j ene a single pier - for each viaduct bent. For ‘the greater number of the 
piers the over-all horizontal dimensions we were 25 ft wide by 60 ft long, while _ 
the piers for the main spans” across the two rivers were 30 ft wide, by 87 ft 


gta On the west side of the Passaic River the conditions were : somewhat dif- ; 
- ferent, as the average depth to rock was s only about 60 ft, and the Material — 
+ ol overlying the rock Was of such a a character that it might be expected to 
_ stability. b For these reasons each bent foundation was — 
f designed as two separate caissons, connected by means © of a heavy concrete 


nM tie ‘just below the surface level. The average size of these « caissons was 14 ft 


the ‘surface conditions, as disclosed by the borings, indicated 


- either } piling | or caisson foundations might be used for this ‘section, mn, alternative 
e designs were prepared | and advertised for bids, one design involving | caisson 


\ construction and the other concrete piling. The low bids re received for the two ; 


plans were within 2% of the same amount, the bid for the ce caisson construction 


Mie ‘As previously stated, the | part of the highway that crosses the hill i in J ersey 7 


City is built as subway under the level of the existing surface 

(see Fig. 6). It was located north 0 of, and quite close to, both the old Erie 
Railroad. Tunnel, and the e more recent eut made by 1 the Erie Railroad -Com- 
_ pany” for its passenger trains (see Figs 1 and 2). In fact, this location = 
selected largely in deference to th the e public | opinion of the of the City of J ersey. City, 
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which considered the Erie ‘thieves as a scar across -the fe face a the city. . It was 
desired, if another cut were to be made across the hill , that this be adjacent 
parallel to already made, and location v was determined 
al  Borings made previous to the design of this subway indicated that the 
¥ ground immediately underlying the surface consisted of clay and ‘sandy clay; 


_ 140 YO" to Center Line of Erie Railroad Cut 


vil 


Top of Finished Roadway 
i SECTION LOOKING WEST 


ite Fic. 6.—CRoss-SECTION or Susway, Jprsey City, New Jersey 


Elevation in Feet 


below this there was rock. As an average, a little ‘more than -half 


7 the depth « of the’ subway excavation was eer to be in soft gr ground, and the 
a concrete wall at the north side 
of the structure, the upper part of which was desiggand as a 1 retaining wall for nd 
the soft ground, and the lower part as a a facing wall for rock. oe oe 


order to provide proper ventilation, excavation was’ sloped away 
| ‘from the ead at the south, but as it was desired to carry a surface road , 


ventilation’ opening at the north side of. the structure, as well as 


surface: roadway w was built north of, and immediatly adjacent to, the subway. 


much needed connecting the east and west parts. 


| Barth embankments were used for the highway structure either where the 
; ae elevation is slightly above the surface e level (as, for r example, west of 
_ ‘Newark Airport, where the elevation i is only a few feet above the level of the 
or where the physical ‘conditions warranted emba inkments 


— 
amo 
| 
a 
to: support the roof of the subway. To provide additional ventilation facili-— 
> ae Beit: _ ties the roof was designed so as to cover only a part of the full width of the ps t 
a highway. All the steel work of the subway roof was designed to be covered 
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for a distance of about miles the is 
ately adjacent to, an existing railroad embankment. 


“bith in order to avoid ‘settlement the sequence of the sumatnit m work was 


usually arranged i in such a manner that any ‘embankment fill would be com- 


z= a year in advance of the ‘pavement placed on it. Nevertheless, some 
settlement almost invariably occurs after the pavement is built, but usually 
this is not of any serious importance, except immediately adjacent to an abut- 
: ment where an abrupt change of surface elevation will ocur. To compensate - 
te this change of elevation, a reinforced concrete slab was introduced at the 
- abutment during the earlier part of the work, which was capable of f bridging 
a distance of about 20 ft. - The « design of this slab provided that one end of _ 
P would be supported on the abutment and the other on the earth embank- 
- ment, the theory being that the end 01 on the earth embankment might t settle, a 
, but the concrete slab would form a runway to the higher elevation of the abut-_ 
ment, which would cause no inconvenience 
‘arrangement it in some cases did not prove satisfactory, although | 
would function as contemplated. The difficulty was that the settlement 
7 would cause changes in the roadway profile, which were too great to main- 
_ tain comfortable riding conditions. The fact is that fairly small settlements _ 


4 are sufficient to produce excessive distortion of the profile i in the short | length © 


Although concrete viaducts: were used in a few cases, where the span 


steel, preferably steel plate girders. The largest was 144 ft long, 
ft 44 in. deep, and weighed 60 tons. 49d nee 

Expansion was ‘provided for mostly by m ‘means of double columns at the 
expansion. joints; in fact, no sliding joints were used, throughout the nn 

/- : the highway, where it was possible to avoid them. There were two reasons 
for attempting to avoid sliding joints, the first being that they are subject to. 
wear and consequent expensive. maintenance. Where it was necessary to use 
_ them, bronze sliding plates were provided so as to reduce wear and corrosion — 
= much as possible. The other reason was that the steel structures as a rule i: ary 


_ Were covered with a concrete protection, , and it was somewhat difficult under — oa 7 
these circumstances to arrange a sliding joint | which would have no wate a = 


hs policy has been to cover steel structures with | concrete “gunite” 
“in order to decrease the cost of maintenance. There exceptions ‘ 

to this rule, however ; for example, where through truss construction 


used, the ‘steel below the level of the deck was covered, while the ‘part above 


was left uncovered — , however, was 
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high- and long-span viaduct between Jersey City and N "Newark. For 
- this structure the additional steel required for carrying the weight of ‘the 


aly 


~ protection would have increased the cost so ‘materially that it did t not ap 


Papers” 


ae Generally 5] speaking, concrete covering was used on columns, brackets, | 
fascia girders, and other places ces exposed t¢ to view, while “gunite” ” was used in 
4 less exposed places. The reason was: that, in the earlier stages of 


; "permit, its use where: ‘exposed. to In later years, the art 


of placing has improved considerably, and at the present time this ty pe of 


covering can be obtained with sharp, straight lines and ev en surfaces. 


76 - Members that were to be encased in ‘ ‘gunite,” were designed w ith cross- 
_ sections to which the covering could be readily a and economically applied, and — 


‘ - the results indicated that material savings in cost ; could be made by suitable 


design: of the members to be covered. ret dple 
: ~The thickness \ was: generally specified | as AS in, but this: thickness « 


= 


a é ‘onl with considerable decrease in the cost, not only on account: of the eae 
in . amount of material used, but also on account ‘of the smaller tonnage of steel 
required to -earry the extra weight of this type covering. Sufficient evi- 


dence has: not as yet been gathered, however, to warrant a decrease materially 


The high- level viaduct structure between Jersey City and “Newark, for 

‘iwhiels thee span lengths varied from about: 200 to 550 ft, was designed as a 

deck: truss. structure, except at the ‘river crossings where through-truss 


‘struction was used. The structure throughout i is a series of cantilever spans 
with intervening ‘suspended spans. The deck structure consists (a) of cross- 


girders s set on the top chords of the main trusses at their panel points, which - 


are normally 25 ft : apart: (db) of stringers framed into the cross- -girders about 
8 ft apart ; and (e) of secondary cross- -beams supported < on the stringers. 


. This arrangement was made to permit the main reinforcement to be placed 
“lengthwise of the structure rather than transversely. ‘The secondary cross- 
z _ beams were spaced at varying distances apart ranging, in a (25- ft panel, from 


38 ft = at the ends to the center of the panel, 80 as s to 


irect on nt e secon ary cross-beams. Bi ‘oF iden: 


of rivers crossed, without ‘andue rise ‘fall of dis profile, 
he channel spans were designed as through trusses and, for the purpose of | 
me hiaihig harmonious lines, the flanking ‘spans were earried gradually from 
i the higher level of the ‘through trusses to the lower level of the deck trusses, 


i as shown in Fig. 7. y As the through trusses are 87 ft, center to center, and 


cat the deck trusses are 36 ft, center to center, it was necessary to make a hori- 
oe _ zontal break in the truss. line of the flanking spans at the point where they 
: a reach the level of the deck trusses. This break was quite simple i in design, 
and is not noticeable the structure is ‘seen, ata | distance; but from 
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point where break o¢ it appears as if curved lower chord is out 


VAVAVA 


“cater Line of Span 


KKK 


BOTTOM LATERAL SYSTEM 
Fie. 7.—THrovcH TRUSS SYSTEM, FOR RIVER CROSSING 

The heen are supported on concrete piers” by shoes of heavy steel cast- 


7. with forged steel pins. On alternate piers: the shoes are set on rollers to 


a llow for changes in length to changes in temperature. 

od The ‘suspended ‘spans are fastened at | one end to the supporting ‘cantilever 

arm by a a hinged ‘connection in the top chord. Actually, a simple. riveted 

pee coop on was u used, because 1 it was found that the deflection angle of of the 

eantilever arm was practically the same as that of the suspended span. In 


. = words, there is a point of contraflexure at the point of connection. | ‘The } 7 


expansion end of the suspended span was supported by a “vertical strut with 
connections at both ends. The reason, for using a strut rather than a 


hanger was principally to maintain the same arrangement 
throughout. If a hanger had used, it would have. been necessary 


-Teverse the direction of ‘the diagonal at this point. cast 

‘The ‘steel superstructure was designed to be supported on concrete piers, 


Each truss ‘was supported on a separate shaft and, as there were normally 
_ two trusses to be supported, each pier bent had two pier shafts. ~ At the loca- 
tion of the center - ramps, however, where the structure was widened and was 
Pal supported on three or four trusses, the number of pier shafts. was increase ed 
“" accordingly. The shafts were designed with vertical outlines throughout thei ir 
height, except near the bottom where they were flared out so as to form a base, 
- Where the height was such as to require it, the shafts were connected with a 
— horizontal strut, , and, | at greater heights, a a truss was used instead of the strut. 
the truss: and | the s strut were as members encased i in con- 
a" 


— 
Wee ght have been avoided was by tapering the trusses hori- _ a ae 
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the concrete covering was made so so heavy that when finished, they had the: 7 


appearance of masonry rather than. of steel eovered with co concrete. Fig. 
viaduct structures were designed for an H-20 For the high- 
; level viaduct between | J ersey City and ‘Newark the specifications used were” 


| 


‘ 
=? 8.—Cross-SEcTIOoN OF BENT, FOR Sram. SUPEESTRUCTURD 
those of American. Association of ‘State ‘Highway Officials for 
Bridges, which were published about the time. this work was begun. The 


 eeebees used prior to that time were those of the American ‘Railway is 


For the high- level steel viaduct structure just described, the expansion 
ora joints in the “main si structure are normally about 600 ft apart, requiring pro- 
visions ; to be made at the joint for a movement of 6 in., or more. The type 
a PF of expansion joints designed for the roadway slab is shown in Fig. 9, Type 1. 

<2 It consists of two sets of steel castings provided with | ‘a series of parallel 
- fingers, each about 13 in. wide, and deep enough to carry the load that may 
come ae them. One set = aso ieee castings” is placed at th the one side 
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HIGHWAY IN NEW JERSEY 
of the expansion » delat and the other set at the other side so ‘hat the fingers 
jntermesh and provide a continuous surface at any position the structure 
_ may take due t to expansion or contraction. The finger castings, which extend 


at 


J 
=) 


—: 


the openings between the teeth were about 3 in. in. wider | 

the teeth so as s to free ‘movement o of the joint. Similar ca castings 
designed and used for the joints: in the curb ¢ and sidewalk. 

For viaduet structures of shorter span lengths, and where it “was 
‘to poner tight joints, several types” of expansion joints were ‘used, but were 
Bis 9" in subsequent designs because the earlier designs did not prove to be : 

as satisfactory as desired. The earliest type (Fig. 9, Type 2) was designed f or 
surface roadway over the subway in Jersey City. This type | was found to 

; te unsatisfactory for several reasons: First, the rivets in the checker- plate 7 

would wear loose, ¢ causing the plate to zattle in an undesirable manner, when- a 
ever ¢ a vehicle passed over it; and, furthermore, in certain cases, the entire 
F | expansion construction at one side of the joint would ‘ges totes” This ‘was 
to the asphalt roadway ‘surface wearing down adjacent, to the concrete 

behind the steel expansion result - was a constant pounding of the 
conerete by wheels: ‘striking the exposed edge and forcing it against 

the steel of the expansion joint, which would gradually pulverize and destroy the 
‘Finally, the gutter between the twin girders: would fill up w with 

dust and | dirt, and difficulty was experienced i in removing this accumulation. 


It was possible for a man to enter the space ‘between the two girders for the , 


el. § ‘Purpose of cleaning, but he could not make a visual | sy eaercrel of it; all he 
lel could do was to feel his way along. ‘ 


For subsequent. therefore, the « expansion ‘joint, shown as Type 3 in 
Rig. 0, ound not to be 
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* 
either, paitly because of f the difficulties of making an adequate enclosure at th 


of the joint, and partly because of the large volume that would 


level, and ve it closed, large “quantities: of the be 


Squeezed o out. _ Furthermore, it wi was difficult to prevent the comparatively large 


mass of mastic from seeking a level surface, with the result ‘it flowed 
out al above the roadway surface near the curb lines and dropped below at ™ 

ie “ The expansion joint shown as Type 4 in Fig. 9, was. developed finally. 7 It 

Re ec consists essentially of a small : steel channel set at one | side of the joint with the 

oe flanges turned up. One flange extends to the surface of the roadway and the 

other i is cut / down so as to ‘permit the horizontal flange of a heavy steel angle 


10 
¥ attached to the other side of the joint, to slide | over it with i its top surface at 


In order to this to the structure, and to reinforce the 
surface at the joint, flat steel bars, the top edges 0: of which conformed to is 


roadway surface, were welded - to the channel and angle. - Light frameworks 
of flat bars were provided as shown, which not ; only were: used for anchorage, 


but were also used to secure the expansion joint in place before the 


hap s been pry satisfactory. 


. - the beginning of the work - the policy was established that t the iti 
-gurface: should be paved with granite blocks, and this policy w: was as followed 


for several years ; but it was modified subsequently, and several other types 
( 
of pavement were ‘used on the highway. ‘Surface roadways paved with granite 


In the early 
“designs, the foundation, ‘to the expected heavy “truck: was 
in. thick, with top and bottom reinforcement. In later designs, this» was 


changed to a concrete slab, 8 in. thick, without. reinforcement, as this 


appeared to be sufficient where the sub- surface was firm. 


_ The granite blocks, which have an average depth of 5 in., were set on a 
‘cement mortar cushion with a mastic filler in the joints. The s surface was 
"parabolic i in cross- -section, with a 6 in. crown for a! ft roadway. The mastic 


‘filler 1 was not. entirely satisfactory i in all « cases, because in hot weather it had 


a tendency to flow and ¢ cover the ‘stone blocks, and eventually found : its way 


ae the low level of the roadway at the curb. - For this reason later | designs 
provided for a cement-mortar filler, except intervals of about 30 ft, where 
if three or four cross- -joints, as well as the adjacent longitudinal joints, were 
filled with mastic. This type of construction has been used for only a 
short time, so that nothing definite can be said it; thus far, 


appears: to be e satisfactory. otd arte - a 
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In certain places where occupies existing 
» ‘the roadway was paved with a bituminous concrete surface on concrete 
foundation. This was in deference to the wishes of authorities in the local 


‘ municipalities ; but it has a 1 tendency t to become v wavy | under the heavy traffic, 
‘ has been designed so as to keep sub-surface utilities aaihiin the area ‘of the 


It has the -advantag of course, that whenever 0 openings must be made in it 


ES highway, as far as possible, there should be uld be little if if any reason for 


A bituminous concrete pavement on a macadam foundation was 
suitable as a temporary expedient when placed on fill that has not been 
f 7 - entirely compacted. Of course, it does not remain smooth under heavy traffic, 
but it appears to stand up for a few years without undue maintenance, — Ine 
parts of the earlier work attempts were made to use surface-treated 
—— macadam for such ——— pavements, but it would not stand d up under 
concrete was adopted for the section adjacent to Newark 
_ Airport _ The slab v was made 10 ‘in, thick, with top and bottom -reinforce- = 
pee 
mnent. . This heavy construction was used because there was 
whether the fill on which it was to be constructed, had finished settling. A: t 
other places, , where ‘the sub-surface conditions were more s favorable, concrete — 
pavements were designed with a thickness of 8 in. and a single top reinforce- 
They were built with» a “crown and with | , side slope of in. in 


0 ft. _ There ‘has been a a 1 tendency to « decrease the s slope to 0 about 1 1 in. in a 10 ‘ft. a 


crete floor-slab and the water: proofing was protected with 
a layer o of mortar or concrete. p pavement ‘was placed on this protective 
course in a manner similar to that used on surface roads. 
block pavement was adopted on a part of the highway viaduct 
| 4 in J ersey Ci ith others. ‘i In 
‘this case, the concrete floor- slab was _Water-proofed ina manner ‘similar to 
that specified for granite block ‘pavements. dow tin 
For the high-level. viaduct between J ersey City and Newark , considerable 
: study was give to the selection of the most suitable type of pavement. Granite — 
block pavement was not favored on account of its heavy weight, and, for a 
it was not considered advisable to ‘use type of ‘pavement for which 
Wearing surface was an integral part of the carrying slab. For that 


reason serious consideration was given to paving the roadway with some 
asphaltic ¢ surface, on top of the concrete floor-slab. In the meantime, several ; 

: of the bridges built by the Port of New ‘York Authority and other important | i rs 
- bridges had been n provided with a a concrete surface integral with the floor- slab, 

: and the results appeared to be quite satisfactory. - Based on this evidence, : as 

¥ well as on that furnished by the many concrete roadway surfaces in the State 


of New Je Jersey and elsewhere, it it was decided inaliy to use a concrete nao reetll 
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of Pavement type was under way, design and fabri- 


Se Following this an intensive study v was made of the v various types of slabs 
that might be used, and several types were found suitable. The choice, there- 
fore, depended on which would prove to be the most economical, and, for that 
reason, | designs for four alternative types were , prepared ‘and submitted for 


‘Type 1 (Fig. 10), which - was chosen eventually, is a concrete slab, 84 in, 
thick, reinforced with fabricated trusses, composed of round bars. welded 


together. Essentially, it consists of a top and a bottom chord L of round bat bars 7 


> 


bar Fie. 10.—Cross-SECTIONS OF TYPES OF F'LOOR- “SLABS For RoADWAY SURFACES 


with a web member made of a bar bent so as to form the diagonals of the 
‘truss, the various pieces being connected by pressure welding. ‘Tn some cases” 
the trusses es are : fabribated sith single bars for 


top and bottom chords and 


each o of the chord ‘members. ‘consists of two bars welded to the sides of the aay 
4 _ Type 2 2 was a series of inverted 5-in. T-beams, or half 10- in. H-beams, set 
closely together and tack welded so as to form a solid steel surface at the 
bottom of the slab, and filled with concrete to a . height of 2 in. above the top 
re of the T-beams. "This type of slab reinforcement is usually fabricated in 
depths ranging from 24 to 34 in. The 5- -in. depth was as required because it 
7 — thought that while the slab of a lesser depth might be designed to carry 
the required load, it was not entirely « certain that the e concrete i1 in it it would 


y= 
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Papers 

establish a definite slab thickness, before the exact type of floor-slab had 

‘been decided upon, and, for that reason, a thickness of 84 in. was adopted — 
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‘Type 3 solid-bottom plate with ribs at intervals and a ‘steal grating 

- attached to them with its top surface at a height of 5 in. from the bottom 
the plate; concrete was placed on top of the plate to a depth of 2 in. above 
the 4 was a solid-bottom plate with welded trusses, 5B in. deep, 


secured in ways and, in addition, transverse bottom 
bars were 1 required for Type 1. Each type , was carefully investigated and found 

to be sui suitable for the purpose. — For Types: 2, 8, and 4, however (which — 

~ an over-all depth of 7 in.), it was necessary to introduce fillers, 1} in. deep, 
between the steel support and the floor-slab, in order to make them tial, - 

the depth of ‘slab for 1 which the structure had been designed. This, 

: ‘naturally, added to the cost of these three types es although, on the other hand, 
volume of concrete required was less. 

‘The trusses in Type 1 were designed to be spaced on 8-in. oubtese and to 
te 5 in. deep over all. _ The two top bars and the web member | were } in., 
and the two bottom bars, in, in diameter. Rectangular ar spacing bars, as" 

shown, wer were welded to the cross-beams on which. the trusses were 

> and rou round top and bottom distribution bars, extending the ‘full width of the 

. roadway, ¥ were provided, as shown. ‘oe order to facilitate the work of erection 
and to insure exact spacing of the reinforcement, it was required that the 
trusses should be assembled in mats prior to erection by welding them a 
together by the spacing and distribution bars. ‘The length | of the mats was 

= ‘required to conform to the distance between the primary floor- beams, which — _ 
distance normally was ‘ft. The width ‘not “specified, but left. to the 
option of the Contractor, subject ‘the. approval the Engineer The 
width of the mats actually furnished by the Contractor was normally 10 ft, — : ~ 
but it is probable that the erection would have been easier if the width had ~ 


been, about one- half that used. ‘The reinforcement trusses: were 


of the trusses. 
concrete for the slab_ was a 
not less than 4 000 lb per sq. _ in., , when 28 days old. Actually, the concrete 
furnished had a an average strength of about 4 800 Ib. In ‘computing the 
_ strength of the slab, the ‘upper 2 in. of the concrete was not t taken 1 into 
account, ‘the time comes that it necessary to renew the 


entirely new type e of surface p pavement which has not as yet been 
No provisions have been made on any of the viaduct structures ‘for’ side 
walks for pedestrians. _ Provisions been ‘made, for footwalks 


me be either concrete, or some uit of asphaltic surface—or possibly som 
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fs 2 ft wide on both sides of the roadway, to be ‘used in connection with 


“4 _ the policing and maintenance of the highway and for emergency purposes. — 
Except « on the high- level viaduct t the curb height of these footwalks is 
: _ The general details of the footwalk as used on a all steel structures, (except 

on the high- level viaduct between | Jersey City and Newark) are shown in | 
ig. In the earlier designs No | for any support of 


Support for Curb 


Fic. 11.—DeTaILs OF Foorwaux Usep On STEEL 


e difficulties in aligning the curb angles in securing 
them during the pouring the concrete, In later ‘designs, therefore, steel 
were provided, as shown in i, furnished ‘a direct con 


ok For: further facility of erection the design provided tis’ of a a 
_ she et-metal form reaching from below the eurb angle to the top of the con- — 
erete roadway. slab. In conjunction with the curb angle, this metal form 
err made it possible to pour | the | concrete of the roadway and footwalk 
slab without additional form work, and further provided a means of —". 


the roadway water- proofing against the face of the curb. 


Gor? 


On account of the narrow footwalk, it was considered essential to provide 


ae railing strong enough to withstand the impact of any vehicle that might 
ot accidentally mount the curb and strike against it. Therefore, it was made 


substantial, the posts v was s securely : anchored 


railings on all viaducts were made of concrete as shown ‘ix Wig, 11. 
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November, 1983 HIGHWAY IN NEW JERSEY 
On the high- level viaduet i it was appreciated | that special 


should be taken, not only to prevent vehicles from falling from the viaduct, 
ak, also” to allay the fear of such nervous drivers as are not able tol look | 


down from great heights without : These considerations par- 
ticularly: important on thi this 3 structure because, due to the narrow” footwalk, 
roadway is quite close to the side of f the structure. 
For» these reasons, the curb height was made in. above the roadway 
surface as shown in Fig. ‘11, so as to ‘make it practically impossible for a 
vehicle to mount the footwalk. Behind the curb and forming the -footwalk 
a horizontal plate girder was attached to the main steel s structure at Loom 
panel point of the supporting trusses and ‘covered on top with. -eoncrete. 
The vertical face of the -cutb consisted of a a steel slate attached 
flange: of the horizontal girder, and this plate extended to within 5 in, of 
te roadway ‘surface, | leaving a an opening to permit drainage | over its edge. 
if _ The top of the railing was made 4 ft*5 in. above the footwalk level, -. 
5 ft 5 in. above the roadway level at the curb, | With this height it is. not 
for a driver of a “passenger car look over the railing to the 
meadows below and, if he is properly attending to his driving, he cannot look 
through the railing between the posts; in ‘fact, the railing appears | to him = 
as a solid wall. On the other hand, if the car is moving ata reasonably fast 
rate of speed, the passengers” in n the ear, who a are able to look : squarely at 
Di the railing, will be able to look through the railing as if there were no el 


The profile of the ay generally been laid grad 
— of 0.5%, so as to ‘provide for proper drainage of the roadway. In undeveloped — 
territory the cross- designed so as. to ‘permit ‘the water to flow 


_ over the sides ‘and, when necessary, side ditches were provided to carry the e “* 


7 water to existing drainage channels, In due time, however, it may be neces- 
sary” provide eurbs, and storm ‘sewers must be built at that time. 
"Preliminary of the future sewer were prepared, therefore, and the 
-eross- ss-drains necessary a according to. these plans were constructed prior 
the permanent paving of the roadways, 


Where the highway was constructed o on with eurbed 
ways, a complete drainage system was provided and connected either to the 
municipal sewer systems or to ‘specially constructed drainage systems. — Fre- 
quently, in the | earlier designs, a 12-i in. pipe was used, but experience | 
indicated that this size was rather too small, and during the later years ‘the 
minimum diameter was increased to 18 in. 


The catch- basin heads, used on curbed surface roads, have a curb a 


= effectively. This is the standard design of the ‘Highway Department, 
but it might be better to make the gratings flat, because drivers of 
= the tendency to avoid | driving over the dished gratings, with the result = 
that 2 or 3 ft of the width of the roadway i is wasted. Ona viaduct, a. ae 
basins" of r type, but inlet, were generally used, 
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= LINCOLN HIGHWAY IN NEW JERSEY 


fia 


> The basins a i connected with 8-in. cast- -iron pipes attached to the columns of 
ar = structure, which carry ‘the drainage to the sub- surface sewer system. ; 
Tn order to carry ° these pipes from the catch-basin down the structure and 


"past the column base it was frequently necessary | to introduce several bends 


=: other fittings i in the run. As each fitting « appears ‘to be a ‘potential location a 


for stoppage of the flow of drainage water, and as each additional fitting 
apidly increases the difficulty of cleaning the drain, t the writer has ‘considered 
n future work, where conditions will permit such an arrangement, to place 


te catch- basin some distance away from the column bent and to carry the 
= vertically down to the ground level. ie Of course, this would necessitate 


of the it ¢ in ‘he open on the slopes of the hill 


through which the subway section was built, and from these points the drain- ) 


water flows through pipes ‘to the existing sewer systems 


gt  y The work of which the design has been described, was carried out under 
4 - the direction of the New Jersey State Highway Commission and the State 
‘Highway Engineer. wW. G. Sloan, M. Amn. Soc. C. E., was the State Highway 


_ Engineer from the inception of the work until 1929, when he was ; succeeded _ 4 


Bauer, M. Am. Soc. ©. E. Fred Lavis, M. Am. Soe, C. E. Was in 


ah charge of the - work from the beginning until 1928, , when he was succeeded by 


o H. W. Hudson, M. Am. Soe. C. E. The writer was Designing Engineer from 


of the work to its completion. 
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PRACTICAL RIVER LABORATORY I HYDRAULICS" 


HERBERT D. VoGEL', Assoc. _ AM. Soc. 


The science of hydraulics as applied to "determinations: of 
"problems: relating to the e control of rivers is of f only recent origin, although 


hydraulic experiments of other kinds have been common for “many years. 


Since the beginning of the Twentieth Century, however, considerable 


progress has been made, ar and while much still remains to be learned of limit- 
ing laws and conditions, it appears, nevertheless, that the time has come to 
take stock of the practical information available. 
18h is s the purpose of this paper to summarize, as briefly as possible, existing *; 
data proven methods applicable to ‘the solution of river 


to know what : specific types of aan may ber reason- 


dy ‘The utilization of of “lil asa means for the determinnation of full-scale’ 
‘performances. was conceived nearly 250 years ago. when Sir Isaac Newton 
in his monumental treatise, the “Principia,” stated in a single paragraph - 
the Principle of Similitude. For more than 175 years this idea lay -dormant; __ 
then it was seized upon by Froude, an English Naval Engineer, who applied a 
it to studies aimed to ascertain the best design for a ship’s s hull. . 
models ‘were constructed by Froude, and in a narrow, water- filled tank they : 
were towed at ‘varying velocities, while accurate measurements. were 
with a view to determining the tractive resistances encountered. ‘These 
experiments with moving objects in still water quickly suggested the pos- 
sibility, of investigating, throug the use of small-scale ‘replicas, the effects 


of flowing water on stationary objects, and, similarly, the effects of engineer 


ro 


“Nore. .—Discussion on this will be closed in February, 1934, Proceedings. 
ov Corps of Engrs., U. S. A.; Director, U. S. Waterways Station, 
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LABORATORY HYDRAULICS 


In 1875, the first river were constructed i in France 
who attempted to determine effects resulting in prototypes a hundred © times 


is as large as the miniatures with which he dealt. — Pe ‘His models were of 
the Garonne River and his problem w was to determine methods of improving the 


528 channel of that stream for u navigation. . Ten years after the experiments by 
Fargue, Professor or Osborne Reynolds, of the University of "Manchester, 


‘Manchester, ‘England, invoked the Principle of Similitude by utilizing | scale 

‘models i in the investigations of flow in a tidal | estuary of the River Mersey, 
at Liverpool. About a year later (1886), Sir William ‘Vernon- -Harcourt ap- 
plied these principles in experiments f for the improvement of navigation near 


er “the mouth of the River Seine in France, but his investigations, like those of | 
“his predecessors, were conducted h haphazardly, without suitable equipment 


without a thorough understanding of the basic principles. of model 


4 


= Hubert Engels, ‘of the Technical at Dresden, Germans at 


"Professor Engels began “his investigational work in 
staff for 
In the University of at Ann Arbor, ‘sich. he found a an 


hydraulic Jaboratory wi th demonstration equipment used for 


classroom Instruction, _which inspired him that he returned to his own 
on University, with definite plans | in mind for a permanent and well- ordered © 
hydraulic research institution. His first laboratory was modest ¢ affair 


the basement of the University in 1898. Here, he gradually 


increased his range of ouiuante, and a tow oom later rebuilt his labora- 
tory in larger form. The utility o of the methods v which he introduced quickly 


attracted the attention of other German engineering colleges, where new 
larger built—guided the friendly personal 


4 


s a 


of ‘the laboratory idea. This was Dr. de Thierry, , who, in 
‘year, “received: as ‘Professor of Canal and “Harbor 


the development - Is an id the 


ty 


his institution of and, by the | same 
University, did much toward Promoting the development of the Experiment 


Institute for ‘Hydraulics and Naval | Architecture i in Berlin, This Institute 
built in 1902 and 1903 by the Prussian Government, carries ‘definitely | asso- 
. ciated with it the name of Hans Detlef Krey, who, until his death in 1928, 

ie stood pre- -eminent in the field of practical hydrodynamics, Under the super 
ea vision of Professor de Thierry and the sponsorship of the late John R. Free- 
man, Past- President and Hon. M. Am. . Soe. E., the monumental treatise, 


a= iy “Wasserbaulaboratorien Europas,” came into eing in . 1926 as a summary by 
leading dir directors of the e accomplishments of their respective laboratories. The : 
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RIVER I LABORATORY HYDRAULICS 


| 
same book translated into > English and published i in 1929 the: title, 


. “Hydraulic Laboratory Practice,” stands to-day as a a leading reference in the _ 

q subject of hydraulic research. Because of the comprehensive manner in 

which work has treated the subject it is deemed unnecessary to elaborate. 


7 here on the details of the many laboratories now existent, in the world as 


the parent institution founded by Professor Engels. Suffice it 


to say that the idea has been received with considerable favor by engineers 
and that the mathematical doctrine stated somewhat obscurely by Newton, 


ina single paragraph, , has been expanded and elaborated to cover a wide 


range of problems, from. turbine design to the improvement of harbors. Re- 
aa searches carried on by means of the principle relate to: (a) The improvement | 

‘ of both the efficiency and ‘capacity of hydraulic turbines; (b) the finding of 
remedies for the evils of cavitation in turbines; (c) improvements 
efficiency and ‘capacity of centrifugal pumps propeller pumps; (d) 
the improvement of the of spillways. for water-power dams; ; and (e) the 
designing of great ‘sluice- ‘ways 80 as to present a ‘minimum loss of head. 
Another important problem is that of finding the best means of ‘dissipating 
energy of flood waters flowing over a high dam where it is tending to cause 
damaging scour ‘in the river bed below the dam. 


‘The scope of hydraulic laboratory practice has been extended since about 
1918 to include studies c of bed movement in rivers, and methods of changing or 
“influencing such movement ; to investigations aimed at the determination © 


a effects of cut-offs in large alluvial rivers; to experiments dealing with 
means of prevention damage to railway embankments during overflow by 


flood waters; a and hundreds of similar studies and investigations. 


spite of this rapid expansion of the utility, of. the hydraulic laboratory, it 
“appears: probable that its greatest service t to hydraulic science remains yet 


ue 


ae 
unperformed. 4 The practical field « engineer has hac a new and most im- 


portant tool placed d at his ‘disposal, but until he has _made further advances iy 
toward mastering the technique of this science and adapting it to his pur- — 


: poses, it will not fulfill its full potential - value. For this reason it is of the val 2 


utmost importance that field forces be encouraged to maintain constant con- 4 
tact with tests in progress : at the laboratory and that they be trained >» = 


observe, for themselves, the phenomena a: and their interpretation 4 


terms: of Nature. | Such observations may be of much greater benefit than a 


two 0 geometric ‘figures are that all corresponding 
the same ratio and their corresponding angles ¢ are of equal 
will: be found that their areas” bear a a fixed one to 


e square 


, similitude is “the relation of identity between two figures irrespective 
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RIVER LABORATORY HYDRAULICS Papers 


Fron an hydraulic: standpoint, geometric ‘similarity may often be 
subordinated to the necessity of preserving other, more important, ‘relation- 
ships, and hydraulic similitude has been defined as ; referring to those “ con- 


ditions which must be observed in experiments: with | an model in order to 
reproduce faithfully the phenomena occurring in full- scale performance.” 


Where then, in such cases, a sacrifice of true mutate similarity becomes — 
necessary it is on the basis" of preserving dynamic or kinematic similarity 


a means toward ‘obtaining hydraulic similitude. AW 


True geometric similarity implies undistorted linear relationships; that: 


is , it requires that all l corresponding linear dimensions in the full- scale and : 
model must be in the same ratio. "More generally speaking, however, it 3 may = 


be said that a kind of form similarity exists even in cases where the model 
is distorted, provided the distortion is a result of some definite and ‘consistent 


Dynamic similarity requires that at corresponding times: in full-scale and 
model the accelerations of corresponding mass ‘elements. ‘must be in constant 
ratio to each | other, and must be directed in the same relative directions. 
- Since it is | physically impossible to ) modify the effect of gravity in a model, 
the same reduction of accelerations, 1s, according» to a fixed ratio, will fail to 
a satisfy completely the foregoing requirements of dynamic similarity, but from 
the relationship existing between force and the product of mass accelera-— 
| tion, it is evident that with corresponding forces bearing | a constant ratio 
to. each other, such similarity may be attained by making: corresponding 
accelerations equal i in model and prototype. Briefly stated, therefore, , dynamic 


similarity is | governed the that at corresponding times any 


must also satisfied. of these -Tequires 
a weights in the 1 two. systems to angi a definite fixed ratio one to the other ; - 
a. the latter demands that the full-scale and model must be geometrically # 


: similar in all respects, at corresponding times; or, in the case of hydraulic 


models, the elements of flow must simulate | canmmending elements in Nature 


"with respect to both direction and time? Difficulties. naturally arise in the 
interpretation of results obtained from model studies: because it. is almost 


ssible to simulate all conditions and properties of Nature. Theoretically, 


at all the. properties a the ‘materials in the 

7 88 well as the forces involved. These properties include the density, viscosity, pal) 
and surface tension of the fluid used in the model; and the size, shape, 


cohesion, an and density. of the solid materials, The « external forces ‘inclnde 


fi 
gravity, friction, and barometric pressure. ad 


Relationships and Nomenclature. —Although a number of papers 


4 


have been presented on the subject of similitude, it. is extremely difficult in 


— See “Die Grundlagen der Aehnlichkeitsmechanik und ihre Verwertung bei Modell- 
-yersuchen, unter besonderer. Beriicksichtigung schiffbau technischer Anwendungen,” von — 
& Weber, Charlottenburg, Germany, 1918. For a slightly different conception refer to — 

‘emanates ¢ der Rohre und Offene Gerinne,” von Schiller und — Leipzig, 1932. 
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“many cases: to follow the reasoning involved, 0 
omenclature. These systems» are obviously the result of haphazard growth 


_ rather than predetermined plan, and ‘English, German, and Greek letters will Cs 


7H, 


At the United States Waterways Experiment Station, at Vicksburg, Miss., 


capital letters with the subscripts, m and n, are taken to ) indicate — = 

‘ing quantities in the model and in Nature. a } 
expressed in the order, model to Nature, i is denoted | J 

exer ept in the case of of the slope is an This is in 
ance with conventional designations and the usual understanding of scale 
values pertinent to other sciences. scale of a map, for example, 
conventionally expressed as 1:25 000 rather than 25, 000 which, , by itself, 
constitutes only a ‘meaningless number. The letters are taken to 


represent commonly used hydraulic elements: 


= area of cross- 


Bea distribution factor pertaining to relative fineness of sand. 
' Oms roughness coefficient (see, also, N ). 


pe = depth, or head; also, diameter. 
diameter of sand grains. 


= critical tractive force p per unit area. 
acceleration of gravity. 


Geils, 


weight of fluid per unit of 
a ‘constant for practical purposes: (in Equation (10), K= = 
ty ‘coefficient of kinematic viscosity Be LD 


a =. 


“ey 


= a scale depth, = == 


f san diameters, 


| 
— 
io, 
in 


= specific gravity of water; jy = specific gravity of bed ‘material; also, 


n= a ‘seale ratio ‘of roughness. “coefficient ; also, a denoting 


a seale ratio of of the wetted auantener —*; also, density. 


scale slope 


por 
a seale ratio of times, ares 


= viscosity ¢ coefficient. sain ch 


earch and is not. to the case of ideal similarity, such as ‘will now 


Similarity of fluids” requires a consideration of the of 


. 


Revolutions per unit of time. ..... 
Velocity and time 
Linear dimensions . tine 


per unit time per unit width...........-...... @ 


t 
ic 


produced in falling ‘body influence of “gravity, 
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OF, expressed in word words, the velocity ‘scale is | | equal to to ‘the square root a the 


vertical scale. This relationship, together with that f for the time scale, t= NE 2 


- is known as. Froude’ s law and is the basic equation for the ‘determination of 


or From it is derived the scale: 


obtained by multiplying scale values for area and velocity. 


In case the model is s designed to show the effects of discharge over dikes, 


ze or - other structures functioning primarily by gravity, it is obvious that ae 


tionship n may be. determined in another way, by applying the PE of 
‘similitude to standard weir formulas of the form, 


- Factor Kin this is case disappearing as a constant in the resulting formula for 7 


similitude. For practical purposes, may be assumed. Actually, ¢ experi- 
ments indicate that K is a function of D to a certain extent. Here i is a first 
indication of the complexities that may be encountered in ‘attempting to 


simulate, cc completely, the effects of both main forces (gravity and friction) in 
connection with any hydraulic ‘model study. Fortunately, however (and 


generally), in practice, one of th the forces may be eliminated from considera-. 
tion, as in the present instance. In so so . far as | K is not a constant, but pre oe‘ 


7 sents frictional characteristics varying with D, a slight error will be 


introduced by Equation (4), which solely from a gravitational 

The validity of the Frondian relationship, even in cases where the fric- 


- tional variances 1 may | be fairly large, is indicated by the results of ‘experiments | aa 
_—" full-scale and small-scale railroad embankments at the U. 8. Waterways | 
Experiment Station. | These tests were conducted to determine the erosive 2 
action and general destructive effects of flood waters, to. devise ‘methods of 


protecting e embankment, ¢ against such effects; but 


7 


= 

— 
— 

| _ trolling influence. It should be noted, however, that Equation (2) is forthe 
BY... if 

— 

— 

| 
— 
scale relationships. Table 1 of readings at corresponding times, illustrates _ 


pen-Ch an nel M odels, Un listorted. —As previously stated, fulfillment of 


the conditions establishing perfect | similarity is seldom had in connection 


with problems to flowing water, and id except where ‘gravity might 


T —Soane B BETWEEN Mopen iw. 


30 Ft (Distance in Ful 
Beale) from Line of Track: fio 


a assumed l to act alone, a as in the ¢ case of flow over dams, weirs, ete., modifi- 


3 cations must be made according to the nature of the predominant forces. 
a Where a movement of water occurs in relatively shallow channels, as is 
= frequently 1 the case in Nature, the factor of bed roughness assumes such pro- 


portions as to make friction practically | a controlling consideration, and no 


factors lag for their 


longer can the relations, previously cited, be adhered to unless 


wd Qn m/ 
bre} 


correcting the finally deduced relationship for. frictional 


“Jam If no ‘distortion is and will 


1 the formula for discharge wil, be ‘reduced tog =; OF, 


P 
hydraulic radius: “equal to the mean depth, thar 
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- Other functions of the model n may be determined in the same manner on a 
ae of the Manning formula or, if, desired, from the Chezy or or other relation- : 
Although many European have expressed themselves un- 
: mistakably as opposed to the use of distorted models, nevertheless it is 
impossible in many cases to adhere to true similarity of reproduction ona 
>< scale. As a matter of fact, there is scarcely a conceivable problem with | : 
_ ‘respect to the Mississippi, or any other alluvial river, for which a solution — 
ean be obtained without resort to distortion because, where depths bear small 
ratios to widths, . a reduction of of linear « elements by the same scale results in- 
idee in the model that are similar in their functioning (through the 
* _ phenomena of surface tension and adhesion) to nothing that exists in Nature. 
Moreover, the velocity as deduced by Froude’s law may be so ‘small as to 
| -_ cause stream-line flow in the model, whereas flow in Nature is almost invari- 
= ably turbulent. In turbulent flow the surface slope of the fluid (and, th 
fore, the friction | head) increases in ‘proportion | to the “square « of the mean 
while in stream- flow it increases only as the first power of 
the velocity. ‘It is plain, therefore, that the characteristics of flow will be 
entirely different under the two conditions, and it becomes necessary to pro- 


_ vide, in each case, that natural phenomena are accurately simulated. ort 
Much has been said about ‘geometric distortion in models and little about 
the distortion of other properties which occurs when the scale is reduced even 
if the model is ‘not distorted geometrically. In reality, every model is dis- 
a torted in some respects. The investigator must not be misled into over- 


looking, complacently, the less obvious distortions of properties and forces 


while he concentrates on avoiding geometrical distortion. ‘The question 
not whether distorted models will be used; it is rather, how can the distortion — 

that is certain to occur in every model be made least harmful? a ee 

ies Referring « once more to the Manning formula a relationship for similarity 

of discharge may be derived for distorted models i in the ‘Same way as ‘pre- 

‘viously indicated. dropping constants and substituting ‘scale values 

the | hydraulic ‘radius, R, slope, S, area, the coefficient, N, there is 


as an expression of the discharge scale: 


It the model has built to > principles of simple distortion— 


is, with no artificial adjustment of slope—and if the cross. sections a are 


whee an additional slope is given n to the n model to facilitate bed-load 1 move- a 
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% RIVER LABORATORY HYDRAULICS 
‘These relationships are of value mainly as means of determining before the : 
construction of the model, the | quantity of water it will be necessary to 
In an active laboratory with many “models in ‘operation it is onl 
4 quently necessary , to conserve the water or to regulate its distribution so that 
each model will be adequately served. It is essential, therefore, to know in 
advance: ‘approximately what discharge will be : e model 
has been put into operation, exact scales for discharge, velocity, and time may > 
be determined experimentally i in a manner to be ¢ described subsequently. To 
use ‘Equation (8), however, even as” a basis for estimates and design, an 
‘approximate evaluation must be made of the ratio, n, which is never 
accurately determinable. Fortunately, ‘it has been found by experiment. that 
for small-scale models in —), built with 


000 


and for models of scale. in which —— > > built 


- with a sand bed, the value of n is nearly “unity. _ Since this n is the ratio 

7 Z etween N of the natural river and the . N of the ‘model, there would appear 

at first to be an anomaly, because standard tables place the value of N in a 
reasonably good stretch of river at about 0.030 and at about one-half that i in ‘ 
a concrete flume. The controlling factors of slope and hydraulic radius must 7 


be taken however, and ‘even casual thought will reveal 


08 Under the assumption that N m ‘may be taken as equal to unity, the e follow- 
The applicability of Equation (10) as of determining the required 
4 


he discharge i in a model i is shown in Table 2, which | gives data in round numbers" 
on experiments conducted at the U.S. “Waterways Experiment Station. A 
pad further interesting proof of the formula is found in its application to re 
“results of European experiments. In the case of models built to a slope 
— scale that does not result from normal distortion, the formula must be applied ; 
in the form, q= Idi st, Testing it for Elbe River model of the 
Preussische Versuchsanstalt, where =1: 200, d = 1: 40, s = 8: 1, q is 
a a , found to equal 1: 33 000. The value of q as determined by Professor Krey’s | 
ee The discharge scales given in the last line of Table 2 were determined for 
model by varying the flow over the weir and adjusting the tail-gate- 
a until the flow line measured in Nature had been definitely reproduced. @ The 
ratio between the measured discharge of the model and the corresponding 
measured discharge i in Nature was taken as the true scale for discharge. As” 


shown by Table 2, _ these values are in close agreement with the theoretical | 


Unpublished ‘report of the P Pr fir Wasserbau und Sehiffbau, 


Berlin 1928. 
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RIVER LABORATORY “HYDRAULICS 


determinations for channel flow, but are: considerably y a at variane ce e with 


* ohn The velocity « scale is obtained as : previously indicated, of course, by divid- 


ing the scale for discharge by the seale for area, whence: 


—Couranisox OF THEORETICAL AND Actua Disonanar 


(Data Obtained from. ‘Tests Conducted at the U. Ss. Waterways 


24 000 000 1:6 700 000 | 1:1 567 000. 
1:3 155 000 
1:21 000 000 | 1:7 200 000 | 1:1 570 000 


i= 


1: 
1: 
1: 


_ The time referred to hydraulic discharge is determined the 
relationship: 7 Discharge = Whence, the ‘thine scale equals 


a the volume scale divided by the discharge 
* 
nt ‘This relationship is particularly applicable to reservoir problems, or to 
a flood-control problems where the time element is } important, such as in the 
_ filling of back-water basins and other areas of storage. It is not ae - 
to problems of channel contraction, sedimentation, or similar investigations 
involving rates bed development. Such rates must be determined by 
_ actual tests conducted in Nature and in the laboratory. There is no known 
i “short-cut” to such determinations, and formulas taking into| account the 
transporting power of flowing water and the resistance to motion of grain 


in or otherwise, are almost misleading. 


groups. the | case of spillways, submerged “ike, or weirs, for which it is 
to determine coefficients of discharge, head over the ‘structure, or 
other data, gravity 1 may be considered as the controlling ‘force; “but 
ot in the case of open- -channel models, bed and wall friction becomes of inereas- 
ing importance. A compromise ‘is frequently necessary in instances where 
must be considered as” a means of channel improvement, and seldom 
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| 1:399 000 | 1:440 000 | 1:440 000 
1:150 000 | 1:300 000 | 1:280 000 
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tim its, or the drawdown resulting from the removal of some obstacle resisting 
he flow of the stream, it may be that a fixed-bed model will suffice, but all 


too frequently it is “necessary. to build. the ‘replica with a bed of movable 


- with movable- bed models s being of the most difficult type ‘to > perform, it follows 
a that investigations designed to determine effects of dikes on river beds must 
a In choosing a sand for the bed of the model it must be conceded that close 
gaeanen to principles of geometric similitude is entirely impossible because, 

* assuming the model to be built to a ‘scale of a: 500, the same particles of 
- Nature would be si so reduced in size'as as top present a microscopic appearance. The 
impalpable powder could not be used in the model under any operating con- 


dition because, due to its extreme fineness, it might either float, be trans- — 


ported in suspension as sedimentary matter, or become compacted so as to to 
resist, completely, the tractive power of the model Stream. Fine, “uniform 
; ‘sands have been used throughout 1 many experiments, but a cardinal a 
is that invariably riffles of the bed form. e These riffles, of course, bear a cer- 
to the sand waves of Nature, but their height may be so 
_ grossly exaggerated as to detract from the accuracy of the model results. In 
_—s- the difficulty may be partly rectified by smoothing out, in the ‘model, 
limiting conditions must always be considered whenever it is 
on to experiment with a movable-bed model. Iti is s obviously impossible 
to simulate all physical properties of a a natural stream entirely. _ Distortion 
of linear dimensions is omadiions necessary to produce measurable depths 
and | proper r turbulence. Excessive distortion m may result in certain types of 
‘models, in an extréme and undesirable dissimilarity of flow phenomena. In 


addition to the e factors’ that influence bed development (such as s discharge, 
_ slope, etc.), there is also to be considered the guiding of the transported bed ; 


oad. | Preservation of geometric similarity, on the other hand, is practically 
i impossible for the reasons’ given, ‘namely, that a scale reproduction of the 
___ transported bed material would result i ina fine material, subject to excessive 


depart from c conditions of true geometric similarity in the design of the | 
model in order to keep it within _ workable limits and, at the same time, to 


obtain ‘measurable depths and the proper character of flow, it is also necessary 
exaggerate the size sand grains, and, concurrently, it is frequently 


advisable to exaggerate ‘the model slope in order to ‘obtain similarity of the 


In departing from the laws of geometric similarity distorting the 

a model | and utilizing a coarser grained bed material, ‘thought, must | be given ‘= 
= ‘to those natural laws that are regarded as a priori principles of stream-bed — 


ea = development ; that i is, the plan of the stream : must be unchanged from that of of 
Nature ¢ and all curvatures must be reproduced in their exact relationships. 


a 


If the radii of the channel are altered from one point of inflec- 


> 
ie should any ‘movement whatever occur. ust as it is often necessary 
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increase gradually (from the vertex to each point of inflection) to infinity” 


again at the points of inflection, then the , pools will be deepest in the vertex 
of the curve and will gradually decrease in depth as the inflection points are 
: approached. In the same way, it is essential that the length of the curve be is 
7 made to correspond to the inherent nature of the stream, by matching the 
‘deflection points: with those of a well- developed reach of the natural ‘river 
a: The senult of a well-guided curvature is generally to produce a i — 
- channel in which the talweg passes: through the middle of the cross-sections 
at points ; of inflection and crosses in an easy curve to the ‘outside. of the next F 
; bend. The close relationship between radii of curvature and pool depths s must 
kept i in mind whenever experiments with ‘models: are ‘undertaken’ because, 
—— since the purpose of such experiments is to determine methods for procuring» 
a good, navigable channel, the flow must be made to follow smoothly from 


{ 
\ - bend to the next and thus secure ‘navigable depths at all points. ed essnca” 


ae As it is scarcely possible in theory to predetermine how deep the pools — 


a a natural stream will become as a result of contractions, or whether 


dredging may be required, so also is it difficult to predict with assurance — 
what: depths may be anticipated unless the entire “investigation is subjected — 


to model study. Where : a depth scale is chosen, as, for example, 1:50, there 
is no reason to expect that the same scale will be exactly applicable to o the b bed — 
; - formations. — | By trial and accident this may be true, but in the average case 


~ compensatory factors must be determined and applied if the results are to 
be susceptible of quantitative as well as qualitative interpretation. The 


method most generally followed is : to shape the model bed flat’ and, running 
through typical hydrographs for sufficient time to produce equilibrium | in 


Ps bed ‘movement, make observations as to the development, and comparisons 
as to its similarity with the corresponding developments of Nature. In many | 


- cases the natural development of the rite is so nearly like that of Nature, 
that m maps of the two are almost indistinguishable. 


a model is constructed to very small is frequently neces- 


sary) investigators are confronted with the aforementioned difficulty 


sand, ‘sufficiently fine to ‘simulate Gn scale) materials of the natural stream, 


to the practicability of using other as ‘ground 


lignite, saw-dust from, pressure- -creosoted timber, crushed coal, ‘a other 
likely substances. A more satisfactory procedure has been found, however, 


in the: use of coarser sand and increased tractive forces through greater 
slopes. In doing this ‘the velocity of flow, of course, must not be made to _— 


exceed the Bpper ‘limit: which will 
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Which are not characteristic of the type of flow ordinarily encountered 
. [If the water depth in the model is represented by Dm, the sand-grain iia 
diameter by Fn, and the roughness factor by Cm, then according to Professor 


limiting values for Em < — the 


average value of C to be 80, then S This value of 0.005 for the 


is much too great, wherefore, with the small values for r Dm and Em, riffles 

undoubtedly appear when Sm is taken approximately equal to. 


but, if a coarse sand (with a small v alue of Om) is used, the obstacle. will be 
' largely eliminated. | It appears, and is, possible, therefore, to choose Em and 
Sm so that, instead of riffles, true sand banks will develop. this same 
~eonnection Armin Schoklitsch* states that the model sand should be 
pounded of various grain . sizes. Natural sand banks are characterized by a 
diversity” of grain: sizes and, “¢hahelleet: are ‘firmer, for the reason that the 
spaces between the coarse and fine sand grains are in part filled and cemented 


fine sedimentary ‘material. To ‘insure streaming (non- -shooting) flow, 
Bm must be less than, as is discussed in a subsequent paragraph. 


oamtted Experiments Involving Movable Beds.—Material particles on the bed 
“a a of a stream are acted upon by a number of conflicting forces, includ- 


ing ‘those developed by the flowing water ‘those. of a re-active nature 


arising from mass resistance and friction. Turbulence of the water may 


a result in the exertion of component forces in several directions and may even 


Broduce an actual ‘lifting of any ‘reasonably light ‘particle, This is the 


siderable study in connection with problems of ‘sedimentation and kindred 
effects. From the’ standpoint of the practical river engineer, however, the 

_ phenomenon meriting mo most serious: consideration is that of the movement | of 

‘material. particles along” the stream bottom by hydraulic traction because, 
the tractive force is "sufficient in any case to overcome the inertia of a a 
particle and | its frictional resistance, “movement in a down- stream direction 
will occur. “When all bed particles, including the largest ‘and heaviest, have 

put into motion, general ‘movement is to have taken place, and, 
a ‘corollary to this, the critical tractive force for any particular bed load is de- 


fined as that force which produce general movement of the material. 


hae _(Geschiebe” isa concise ‘and descriptive German word used to designate bed 


‘Literally, it means, “that which is shoved. 


The tractive force of flowing water is nothing more> than the component 


5 9 in the direction of movement of the weight of the water. " ‘Application of the 
of mechanics shows that this tractive force, per unit of area on th the 


-Tiver bottom, is expressed by 


ie 2 in which, F is the ‘critical t tractive force per unit area; J is the weight of | 


¢“Gegchiebebewe ung Fitissen und Stauwerken,” Dr. Techn. 
Schoklitsch Wien, 1926. in Fi av ta 
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x water — volume ; S is the slope (non- dimensional) ; and D is the Sip. 

a Tractive force, then, is a function only of slope and depth. j This | is a very 
important consideration and should be kept i in mind. 12 = 

= a Suppose that it is desired to design a ‘model involving a movable bed. 
The usual considerations of | space, water ‘supply, etc., have caused the adop- | 
tion of definite horizontal | and vertical scale ratios, assumed for the sake of 
argument, as 1: 500 and 1:125. It is requisite that the bed load in the model — i 

move in a manner similar to ‘that in its prototype; hence, if general bed 


2 ¢¢) 
_ movement in Nature begins at a 30-ft stage, it should begin ata correspond- 


ing stage in the model; but at what stage does bed movement begin 
Nature? ‘It is seldom ‘practicable to determine this by actual ‘observation, 
due to the depth and turbidity of the average r river. Fortunately, a solution 
by laboratory methods is readily found by applying t the law of M. P. du Boys’ 
as given previously herein, ‘since ‘it may be demonstrated that for any ‘par- 
ticular bed material the critical tractive force is constant; that is, ‘if the 
slope is doubled , the depth may be reduced by one-half and ‘movement will 
s _ To return to the problem of determining where general movement occurs 
‘Nature: Suppose a representative sample of bed material i is obtained from 
actual river and moulded to a constant depth tilting flume. a 
Obviously, the flume is tilted to the average slope of the natural bed, to 
"4 get movement it would be necessary for water to flow over ‘it at a depth 
poamry to that at which movement occurs in Nature. Since this depth could 
o ‘not be obtained in the average laboratory flume the critical tractive force a 
a must be determined by i increasing the ‘slope i in the flume until general m¢ move: 
‘ment begins: at less depth. Then, knowing the slope i in that particular r reach 
of the river, ‘and by substituting this in Equation | (13), it is possible to 
etermine the depth in the river at which general movement begins. Compu- 
ations and procedure for the hypothetical case are, as follows: : d oa 
Obtaining a large ‘sample of bed-load material from Nature at ‘the locality 
in question, where it so happens that the average slope i is 0. 0001, it is placed 
level in the flume to a sense fst 4 or 5 in,, after which the flume is 
a tilted to a slope of 20 x 0.0001, o r 0.002. Then water is passed over the bed | 
‘material, keeping the water- curface slope equal to the bed slope and increas- 
the depth “until mov emen novement. 


Assume that general m ovement 
at a depth of 0.5 ft. This that movement in Nature will occur 
at a depth of about 20 x 0.5, or 10 ft. Res Therefore, ‘movement ‘in. the 
model must occur at a model depth , or 0.08 


Next, select the sand it is desired + to use for the model 
_ Suppose, for example, that it is desired to use e Mississippi River sand from 
a reach of the river near Vicksburg. In the tilting flume, it is found that ie 


for general a tractive fore of 0.008 Ib per. ft i is with 
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1 at a depth of 0.08 ft; hence, in Equation (18): | Pe 

orce = 0.008 lb per sq ft; J = weight of water per oukie foot = 62.5 lb; ‘- oe 

Dn = = depth = 0.08 ft; and, therefore, Sm = 0.0016 ft per ft. Fre rom this it. oe ( 

fellows: that in the model will result if it is given a bottom 
2 ; slope of 0.0016, or sixteen times that of the natural river reach. Since there - 


fsa vertical Satie 4 of 4 to 1, the slope of the | model would normally be 
; * x 0.0001, or r 0.0004, Thus, it appears necessary to “supply the additional 


pene by some pemnerer ‘method. _ The final slope distortion will be, 


7 


res. Iti is to be noted — that a tacit assumption was made, to the effect that 


faa (eid insure proper movement of the model bed material the foregoing pr pro- 


true for all practical p purposes a long reach of ariver. Allit 
‘implies i is that the mean depth of the Tiver is fairly constant. . However, ia 
there are pools: and crossings in the r river, _ and the bottom is not vy ed “4 
to the 
the best that can can be done is to take averages, and, in the general case, such | 
"procedure should result i in reasonable accuracy. - Consider i in this connection, 4 
ez: that the 1 model, too, has its pools and crossings 3 and, hence, the average con- = 

dition designed for will no doubt cause movement in the at. 
the same time and d place as in the prototype. 
1.—Select anid so as to produce as little 


tion. as may be consistent with the production of measurable depths and 5 4 
2.—Make . a flume test of the _paniple of bed-load material obtained from ig 
‘the actual locality to be ‘Tepresented by the model, and determine the critical © a 
tractive force ‘necessary to insure its transportation. Should it prove imprac- 
to obtain the bed- load sample in quantities ‘sufficient for testing in 
the flume, or in the event equipment is not available, the critical | tractive 7; a 
force 1 may be obtained by the use of any one of several formulas, 
best of these formulas is that of Kramer,’ name sly, F 


in which, h is ‘the gravity of the bed material; j, the’ specific gravity 
water ; the mean grain diameter ; and B,a sand uniformity factor 


Ls, obtained i by plotting the curve of the mechanical analysis of the bed material, yi f 

separating the area under the | curve into two areas—above and below the 


3.—From a consideration of the results of Step 2 and of the average slope 
of the natural river, determine the depth at which bed movement oceurs 


**Modellgeschiebe und Schleppkraft,” von Hans Kramer, Mitteilungen Preuss 


chen Versuchsanstalt fir Wasserbau und Schiffbau, Berlin, Heft 9, 1932. 
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4.—Determine tractive force required for the bed 
| ine which w vill be used in the model. © ‘The method to be adopted may be either 
of those described i in Step 2. Ay 
a? —From | ‘Step 3, plus a consideration. of the vertical scale, the depth in 


f the model at which movement is to occur, is known. _ From a consideration 


of this model depth eanihes of the results of Step 4 determine the slope necessary é 


—Tilt the model guiiclently | to obtain the slope found in Step p 5. Acces ; 


Requirements for Hydraulic Similitude—In hydrodynamics many prob - 


lems arise that defy ‘purely mathematical solutions; however, hydraulic 
models now ready means for investigating such problems. The 
of _ hydraulic similitude insure that the results obtained from 


investigation by ‘means of the ‘model + will be transferable, quantitatively or 


Geometric similitude is concerned with the r relations between linear 
dimensions” of model and prototype. Chief among the factors influencing | 


selection of the horizontal length and width) scale for the model are 


ens area and shape of the prototype, laboratory space available for the ‘model, i 
and cost of construction. . Prominent a among the factors influencing the selec- 


A 

against ‘the depths : necessary in 1 the model. latter. limitation leads to 


Kinematic similitude requires that every te in model and prototype 


shall describe geometrically similar paths in corresponding intervals; 
closely akin to this, dynamic similitude requires that these motions 
shall be produced by forces acting in a definite model-to- -prototype ratio. 


For all ‘practical purposes, dynamic and kinematic similitude exists when the 
flow of water in the model is of the sa ame character as the flow in Nature. 


if laminar or stream- line flow exists in Nature, must be reproduced 
_ the model, whereas, if turbulent flow occurs in } Nature that kind of flow must 


Be is reproduced in the model. As a matter of fact, flow in natural channels 


almost invariably turbulent. ‘There are index numbers, derived experi-— 


mentally, by 1 means of which model and prototype may be examined to find — 


if ‘there is dynamic similitude with ‘respect to any particular force, 


. It j is important to note that both gravity a and friction act ton ‘flowing water, 
in general, dynamic similarity can exist only in respect toa single. 
force, _ Evidently, this gives rise to a conflict of requirements, and perfect — 
is not to be attained. The best that can be done i is to select that 
 force- which is of predominant importance, to seek dynamic similitude 
with respect, to that force . The modifying effect of the other force will pre- 
the accomplishment of absolute similitude, which in practice is not 
‘ necessary. Fortunately, the effects of one or the other of the forces is 


predominant that little error 1 in considering i it as as acting 
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‘alone. Thus, in experiments ee degree of turbulence results, 
internal friction may be neglected and the laws of f gravitation co: considered as 


_ Reynolds’ Criterion for Turbulent Flow.— —The index by which turbulence 


may I be measured, was discovered in 1883 by the great English experimenter 


whose name it bears. experiments of Osborne Reynolds were | 

“to small, smooth pipes, but sufficient evidence was obtained to show that a 4 


rather definite transition occurs between laminar and turbulent It was 


non- expression, hia ince called Reynolds’ in which, 


equals velocity; D equals pipe diameter; and the of kine- 


in which, the is rep by | its equivalent value, (vise osity 


by density). dimension of (velocity) is unit 
time, or LT _ a ; of D (diameter) | is length, or L; of p (density) i is weight per 


‘unit value, 0 or M and ¢ of (viscosity) is ML Reynolds’ ‘number 
has dimensions; that LTA XL XML _ 1, and the modulus 


“may be shown to be merely a number, Or ratio, 

Table gives values for absolute viscosity and viscosity of 


water for temperatures within possible working ranges. OF 


ry 


5 


in degrees Centigrade n English units K 


{ 

: 

3 


-0.00001639 
0.000880 0.000141 
0.000538 | 0.00000865 


= 
| 


000370 0.00000509 


The experiments of Reynolds being confined to small glass pipes, his 
Pie determinations for the value the viscosity modulus” are not strictly 

applicable t to open channels, but it is worth noting that i in the ‘case of pipes” 
modulus is equal to about 2 500. To write the expression so that it may 

a be used in open-channel determinations, it is necessary, of course, to change 
diameters into hydraulic radii. It should be noted tl that as. these are 


i linear dimensions no change i is made in the dimensions of 
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= 2500, , it follows that R = 


= == = 625, in which, M is the viscosity modulus for open channels, cor- | - 


tesponding to Reynolds’ ‘number f for pipes. igh 

The value for the modulus (625) a as ‘determined from the Reynolds? 
number, is the subject of some modern investigators, 


value for its higher working limit - is that. established by the Prussian Re- ; 
search Institute for Hydraulics, “Marine Design and Earth Testing, which 


Tange of turbulence is between laminar and ‘shooting flow, it is a 


‘obviously better to choose safe value if it can be done without too greatly 


inereasing the ‘cost of the model. Accepting tentatively the value of the 


Prussian Institute: M = = 6 000; or, V R = 0.075, in 


is expressed in feet, and V, in feet per second. - From this it may be assumed — 


that: turbulent flow will always exist when the product. of velocity and — 

hydraulic radius (or mean depth) is greater than 0.075. 
a Recent experiments conducted at the U. S. Waterways Experiment Station 
thrown additional | light upon the conditions necessary for 
of turbulent flow in a small stream or model. ’ The tests were made with a 
tilting flume, lined with concrete of the same general roughness | that 1 is pice | 4 
in models built at the Station, and curves were determined to show ‘the 
variations of velocity with ‘depth when slope was maintained constant. 
straight- line relationship was observed to the point where turbulent on 
occurred, the curve beyond this point” representative of a second 


degree function. , the to et curved line indicated the 


averaging the results of many tests at different spe, the value of the 


units) turbulence prevailed. Expressed criterion for 


D ) being expressed in feet and V, in feet per second. cpirnte. 


vans Iti is possible, of course, for flow i in the model to pass | upward through the 
3 turbulent stage and into shooting flow. This possibility must be investigated, ated, 


since e the velocity of shooting is the same as wave velocity, NDG DG 


_ in which, G is the acceleration due to gravity, the necessary condition to 
insure non- -shooting is that the velocity be less than /G D. To sum- 


faboor are of sgole on | 0.020 ‘Ad of hook 
marize, turbulent flow i in the model exists when <V 
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ay The discussion of geometric -similitude has developed the fact that the | 
9 depths necessary in the model govern t the selection of the vertical scale. The 
discussion of Reynolds’ criterion reveals the connection between model 
depths (hydraulic radii) and turbulent: flow. insure a high degree of of 
turbulence in models of large rivers, such as the Mississippi, it is almost. 


invariably necessary to use a scale value of depths larger than that for hori- 


zontal dimensions. This results in distortion of the model. tt 


on To summarize briefly: The horizontal dimension seale of a a model i is nial 


"available for it. The “scale is more re intimately connected ¥ lth. 
- requirements for dynamic similitude, and must usually be made larger than - 
the horizontal scale. On the typical : river 1 model a is to be tested by 
use of Reynolds’ number, the viscosity. modulus, M, r the ‘turbulence 


‘To make application of the pr principles clearer the ‘eender is 
referred to an actual example published elsewhere’ by the U. S. “Waterways 
Experiment Station, which demonstrates how turbulence was considered in. 


connection with a model of the Ohio River. __ 


Ry mania being 1 the mother of invention it would seem far better to com- 


plete the work of equipping a laboratory « over an extended period a as demand — 
indicated than to complete the equipment at the very beginning. Heavy, 


-fixed equipment i is expensive, difficult to manipulate, and, unless chosen with 
discretion by a well- informed and experienced be inapplicable 


it is ‘more mneces- 


The 

“set- “up ‘of 2 a river on the other so flexible 
‘as to permit it to deal with any problem falling within its general scope, and 
the first essential to this is adequate and unencumbered space. eld pararet ne 


= my Special flumes, designed to carry river models are relatively worthless for 


“the “reason that they are adaptable only” to special problems. Where one 
model | may be 12 ft wide and 100 ft long, the next required may be 40 ft wide 


hae by 60 ft long; and, obviously, the same flume would be inapplicable to both. 


Moreover, the reach of the river under investigation may bend back upon 
itself in such a way as to preclude the use of a uniformly tilting flume. For 


a @ reasonably s straight reach of river the tilting flume would be desirable in 


vertical distortion; if the river ‘winds materially such ‘slope must be 

acquired by the placement of successive templates. Even | so, it is sometimes 
aye: difficult to apply slope corrections, the situation being practically impossible 
ee when the r river meanders and when over-bank flow must be considered. | 
flood stages are to be reproduced no slope may be given the model except that 


a *“Model Study of Effects of Dikes on the River Bed at Walker’s Bar, Ohio River,” 
L, U. 8. Waterways Experiment Station, 19382. 
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- normally resulting from distortions, but if sali tess bank- full flow is the 
> edie thing, or if the reach to be investigated is reasonably ‘straight, 
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practically any increase in slope - may be given. Fortunately, those problems 


“requiring experimentation with extensive models are generally concerned with — 


 hydraulies of flow instead of bed movements, and increased slopes are non- 


essential to their satisfactory solution. In any case” a temporary wooden 
box of sufficient size will make a container for the , model, which may be built — 


of sand and concrete. Alternate types of containers are built of concrete. or 


The simplest method of constructing a model is to cut templates from 
7: iron to conform to river and over-bank sections; ; level the containing 
= and place the templates to grade by means of a level. The templates 
may then be braced and filled to within an inch of their tops with moist sand, 


iy 


packed i in place. "= coating of concrete, placed level to the tops. of the tem- 


> 


at 


Fic. 1 OF RACE-TRACK TOWHEAD MODEL, SHOWING VALVE 


UTLET FOR FIN DJ STMENTS 


be plates and moulded to conform in shape with the sections, then ‘the 


model proper, which must be equipped ‘subsequently with an adjustable tae 


gate, measuring weir, a1 an entrance chamber, and baffles. All these devices 

are extremely s simple and except for the weir ‘may be made by any “good 
 handy- “man or carpenter. . Practically any type of tail-gate is satisfactory to. = 
Beescse a back- water similar to that induced by resistance to. flow of the 
entire river below the lowest: ‘point represented in the model. Fig. 1 is a “4 
of a: tail-gate, showing a a valve outlet for fine adjustments, 
- Special flumes may be needed, of course, i in a river laboratory for control ia 
tests and for t tests of dams, weirs, -spillways, a and various meesuring devices. — 
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a os In this connection it it is | well to make e the flurne as s long as the building will 
permit and of as great | cross-section as is | required to accommodate the —_ 
mum flow of water that can be allowed. _ Flumes of steel are generally more — 


suitable than those of conerete because cracks and may be developed 


should it be desired to or manometer 
A smaller tilting flume may be built of wood or x other material if suitably 


mounted on steel beams, or similarly rigid supports. 


and system for the together a diversion to some 
measurement chamber, little need be taken into account until experi- 
ments actually have been begun. After work has started various needs will 
se and ingenuity be given free play in meeting 


pray by 1 run- -off of. from adjacent territory 


= “Tay occur during summer ‘months. . Whenever a pumping and cir- 


culating system is used it is necessary to provide also for: A deep (or storage) ; 


‘reservoir with overflow; ‘pumps of capacity; a constant head reser- 
capacity of the pumps, size of thes pipe, ‘and dimensions of the high | 
and low reservoir are naturally determined by the character of work it . ey 


' 
te 


proposed to perform in the laboratory, it being “unnecessary to arrange for 
great volumes of flow under high head only normal river problems 


an nticipated. The constant- head reservoir—having as its purpose its 
name implies) the supplying of water from pumps" to models” under 


unvarying pressure and, ‘therefore, without fluctuations i in flow— -must have 
length of overflow crest great enough to eliminate, entirely, such 


— as will result from pump pulsations. _ A good value to use as a basis of design 4 

ai is 20 lin ft of overflow crest for each second- foot of 1 water pumped. th ag 

In subsequent ‘paragraphs other accessories of a modern river aborator; a 

are de described. | These descriptions are general and it should be ‘kept i in mind 

a that any other workable design may be equally good in any case, ‘The 


personnel should be encouraged to think” and develop new ideas as 


(a) —Level Pedestal— —Since a level must be 1 used continually for setting rs 
» 


ber 
vee templates, checking elevation of model beds, and setting gauges for zero aa 


ings, a a fixed pedestal mount is extremely convenient and helpful. 


(0) —Profilograph. —This is a labor- saving 


| 
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ge: P pumping ‘equipment, but nearly always it will be desirable to arrange for 
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ar 

earriage that travels along a rack and holds a vertically sliding sha 

— a. with a pencil at its upper end. The shaft is counterweighted 

between nearly frictionless rollers so that as 
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"moved across the m model bed nah shaft, with its its pencil, will rise and fall. 


board on which a sheet of. ‘cross- section paper may be mounted. Movement 
of the main carriage results in reduced movement of the | secondary carriage ee 


relation to it, so that with the pencil mov moving vertically ‘and the 


1G. FOR TAKING CROSS-SECTIONS OF MODEL RIVER Beps 
_ horizontally a section of bed is traced to full vertical and reduced horizontal — 


-seale. le. A more direct: and efficient method of obtaining the same result a 
been r recently developed, by ‘utilizing a special sounding rod equipped w rith a 


pivoted foot and an adjustable T- head that rides on a leveled « cross- -beam. 
—This is a simple device esigned to feed 


to ata fixed rate and in accordance ‘with the ‘movement 


a such material in in the “model. l, Operating o on the hour- glass principle vith 
funnels of various sizes to be used interchangeably, it is free from moving 
parts and is very effective. ‘The bed material is washed into» the model by 


a small | stream of water brought i in by a rubber ' tube. pie setae nih | 


ee” —Current-Me easuring Devices.—These devices are of many types and 
designs, the simplest ‘expedient for velocity determinations being | the use 


floats: of varying weights. densities. Other devices 2 are pendulums 
actuated by the velocity of flow, small propellers mounted between — a 


 (e)- —Depth M eter—Difficulties are. frequently encountered in detormin- 
depths of flow in very shallow reaches of a model, where, as in | 
floodway problem, many ‘such determinations must. be made. By 


_round-headed gutter nails in the model 80° that the heads project but slightly 
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determine » differences between elevations of the nail- heads and the water 


i surface. Data are obtained for each nail-head and with» the depth meter 
% "measuring the distance between the head of the nail a: and the water surface q 


7 in vss ‘ease, elevations referred toa a common datum are are readily determinable. 


a 


“made and ‘mag be the open market. Purchase 
should not be made, however, until a definite need has been revealed, 


—Multiple- -Gauge and Wells —This is ‘simple device to mak 


“machined steel bar. bar leveled in prea wih leveling screws, 
; 


a & zero is obtained for the | gauge . and applied to all readings obtained. — = 
(h) —A long thin which dye may intro- 


observations as 


—Gaven Rack wiTH MULTIPLE-Wau ARRANGEMENT (5) 
yits tecture 407. - 


wove te —Racks ‘and Baffles.— -These may be of ‘many types and their design 
ES Bs any case should be the result of trial, experience, and experiment. - Wooden a 


gratings, crushed rock, coarse gravel, bafile-plates, wire screening, and swing- 


boards may all be used as the case demands. (4 


my —Valve Outlet at Tail- Gate of Mu odel. —This arrangement, shown i in 


a 
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“Ne ovember, 1938 RIVER LABORATORY HYDRAULICS 


‘'Typtoat Experiments ENcouNTERED IN A Rivers AND Harpors LABORATORY 


‘Fluvial ‘models may be classified according to the character of their beds 
al 


and according to the nature of their predominant forces, thus: ak 


ood mount; and to which Froude’s law be ‘applied, either: 
Hi Strictly; or (b), where channel friction is of decisive influence, 
fs oe by application of a factor to adjust the velocity and discharge _ 


ood:  (B) Those for which a consideration 0 of internal friction is paramount 
ot and to which Reynolds’ law must, be applied. 


Same as Item 1(A) and Item For this. type of ‘model, 
consideration must also be given to a development of tractive 4 
force comparable to existing in Nature according to the 


The preceding outline classifies in ‘the | briefest possible form the ‘several 
of models that may be used for different investigations. 


| es model must be built in one of several ways and that no other methods are — 


| since every problem will eae”. different treatment it does n ot follow that 


‘permissible under any circumstances. It i is intended to show, on the other 
hand, that ‘many possible combinations of conditions must be considered and 


that while there are typical model forms, these must be varied sufficiently i in 
each case to meet the peculiarities of the problem. — Several general types. of 


1? models suggested by the outline will now be discussed. — PPR, Pega 
mie Type 1(A(a)) —Fized Bed Models to Which Froude’s tae Must Be Strictly 
Applied. —This type of model i is exemplified by those used for 


of: (1) Discharge capacities of weirs, ‘spillways, ‘siphons, ete.; (2) effects of 


= sills on aprons of overflow structures; (3) factors influencing the production Al. 
tn of an hydraulic j jump ; and, (4) other hydraulic phenomena resulting from the 

gravitational fall of water when friction. may be largely neglected. 
Type 1(A(b)).- Fixed Bed Models: in Which Channel Friction Is of De- 


cisive ‘Influence— —Typical of experiments requiring this class o of model are 
30, 


those designed for determinations of effects of cut-offs and “"Pheaitis of back- 
Water. These problems, being practically independent of channel 


may be solved satisfactorily with a fixed bed in which experimental runs may weet 


be repeated time after t time for r the assurance of accuracy. When it is ‘7 

{ila HiUoite Of} TH, 
desired to obtain effects of silting or erosion, critical parts of the model may 
built in of sedimentary materials. The problem of back- -water or its 


As 


; 
ry 


‘corollary is “frequently offered to a laboratory for solution, and it will be 
a worth: while for the reader to study two brief reports of the U. S. Wieewt BS 


fo Determ of Beet Influence in the Illinois River,” 
per Y and “Experiment to Determine the ects of Myssient i River 
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investigations. Cut- off and ‘similar determinations involving the 
or subtraction | resistance to flow are pursued in an 


“nated to ‘questions of ‘effects 0 on n stages within ‘the s considered. 
toad eu Type 2(A(a)).— —Movable Bed Models in Which Gravity May be Considered — 
| he Controlling Force.—Experiments 1 with models of this nature will generally 
‘follow the lines of those mentioned in connection with models of Type 1(A(a)); " 
the main difference being that erosive effects | must be taken into considera-— id 
tion. Investigations conducted by Antonin Smréek, i in ‘Brno, Czecho- 
3 Slovakia," and by Theodor Rehbock, in Karlsruhe, Germany,” to determine 


aprons, involved typical models of this. classi 


permeable + type are of this classification. is the general 
where qualitative effects" are sought in preference to less easily obtainable” 
5 quantitative data this type of model will suffice adequately. - ‘Thus, if it is 
only to choose between several proposed plans of contraction works, 
‘ - movable: bed model, built with : primary regard to consideration of the force of 
"gravity, is indicated. In this case” rates of bed movement. in model 
_ Nature are observed, and corresponding bed changes under the various im- 
In practical ‘experimentation there occur instances in which the fore- 
going classifications cannot be applied rigidly. Most common i is s the | case of 
Se flow over a regulating v 
channel friction is of appreciable. ‘influence. For ‘a method | which com- 
: io patibility between the laws m may y be attained in a model, the reader is referred — 


to a by Lieut. J Paul Dean, U. S. Engineers, and the 


types of study under 1(A(b)) and 9(A(B)) of the 
‘ classification are those in which the forces of internal friction of the fluid are : 


oa predominant. ypical of such studies is | the problem of the resistance to 

ny motion o of a deeply submerged | body, such a: The 
this: type of experimentation are not compatible with those governing the <a 
or heretofore discussed unless fluid different from that of the prototype is used — 
in the model. Fortunately, in the field of practical river “hydraulics, the 


forces” of internal friction of the liquid are relatively ‘small and may be 


neglected without appreciable error resulting. Tt may be noted that the more 
urbulent the regimen of a stream becomes the more nearly negligible are the : 


= 


v Praze, 1929. 


“Hydraulic Laboratory Practice, the R. Freeman, 1 Past- President and 
Hon. M. Am. Soe. C. E., 1929. 
“ ude,” Civil Engineering 
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Experience indicates that the following general types of 
prosecuted successfully river hydraulics laboratories: Effects of 
dikes or other contractive works on the river bed; (2) effects of cut-offs of | ; 
river bends; (3) back-water influences ; (4) of channel dredging; (5) 
relationship: existing b between mean discharge and river sections ; (6) 


charge over ‘navigation and -spillways; (7) design of locks and dams; 
‘determinations of and current in ‘Tivers after 


(10) effect. of piers on aprons; (11) through 
and s screens; (12) effect of storage | basins on flood flow; (18) progression of 
i. flood waves; (14) flow ‘through diversion floodways; (15) effect of bends in a 
Tiver ; (6) harbor | entrance resistance of, and flow ‘sround, 


railroad embankments; (19) to determine of obstructions 
‘placed i in a stream (submerged sills, etc.) ; (20) 1 flow of water through sluices 7 
a of va: various s kinds; (21) towing > experiments and ‘experiments o on bodies falling ig 
water; (22) experiments relating to transportation of sedimentary and 
bed materials; (23) design of stilling- -pools ; (24) ‘movement of sedimentary 
material” and its distribution at river divisions; and (25) ‘seepage in wr 
investigations of the future are difficult to p predict; but the 


definite tendency i is more and more work with models of the movable 


No. 35, Mississippi River, but infinitely more remains to be | accom 
plished. i However, that may > be, it still seems assured that much work will 
Temain at all every hydraulic the 
is desired to express appreciation to King, M. Am. Soe. ©. 
and C. 0. . Wisler, Assoc. M. Am. Soe. C. E, for carefully re reviewing this 


that to ‘obtain a solution of the difficulties encountered at 


Station in developing new of laboratory technique described in the 


5 and ‘co-operation pondered by the ‘Steff of U.S. Waterways Experiment 
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AMERICAN SOCIETY OF CIVIL ENGINEERS 


Joun w. PRITCHETT, ASSOC. M. AM. Soc. C. E. 


Joun W. Prircnerr,” Assoc. M. Am. Soc. C. E. (by letter)"*.—While this 
| Symposium: brings together many evaporation data not heretofore collected 
jn one publication, it is also noted that many evaporation records in Texas, 

covering | long continuous periods, are not disclosed. This is doubtless true of 
evaporation data ec covering other sections of the United bree There are 
many evaporation records that have never been published, which be 


a 
BE 


‘agency to handle such work if giao he? necessary money. als 


Evaporation records beginning in 1915 or 1916 are being Maken at eleven 


Texas s Agricultural Experiment Stations. Records taken by the Bureau of 
in operation with the Texas Board of Water 


under varying ‘climatological conditions for complete “The 
- land tanks were 1,2, and 8 ft in diameter, and the floating tank was 2 ft in 


Many of the Texas data are all- -year records’ and o on that account \ would be 
particularly valuable in -earrying on ‘evaporation studies. ‘The San Antonio 
Field Station, Bureau of Plant Industry, U. Department of Agriculture, 


has ‘an evaporation ‘and temperature r record beginning Ja anuury, 1907. 
a complete 26-yr. record for a land pan (Type 2), 6 ft in diameter. 


Table a comparison: of Pan’ Pan (4) at Austin, Tex. 


4 


of Austin. It was established by the Water Branch of the U.S. 
Ae Geological Survey in co-operation with the State Board of Water Engineers 5 
ee with the U. S. Weather Bureau. The records were taken under the | 


Nore. —This Sy on’ Evaporation from Water Surfaces was published in Febru- 
Ee 1933, Proceedings. Discussion on this Symposium has appeared in Proceedings as 
follows: "May. 1933, by Messrs. Ralph R. Randell, C. E. Grunsky, and Charles H. Lee; _ 
and August, 1933, by Messrs. J. T. Harding, L. Standish Hall, and crea parry Santos, Jr. -. 
87 Office Engr., Texas Board of Water Engrs., Tex. Sins 


Received by the Secretary October 9, 1933. 
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PRITCHETT ON EVAPOR FROM WATER SURFACES Discussions: 


Ps are HI9O02 “VAD MV, A 
ection of District Engineers" of the Geological Survey, and and 


computations were 1 made by the Ww eather Bureau.* jes anes 


This station was es established on March 9, 1916. It is 475 sea 


4] evel, at Latitude 30° 14 N, and is located about 1 000 ft from the tary 


jouse. Observations are taken daily at. 8: 00 A. M., 90th Meridian time. 
According: to the U. S. Gleclanieal Survey,” * the topography i is rolling to: the 


north and east and rough to the west and south, with a gradual slope to the 
Colorado River. In the imimediate vicinity of the pan the ‘slope is approx- 
imately 30 ft p per mile. . The reservoir is 30 by 200 ft, instead of 20 by 150 7 
ft, as reported in the Appendix to Mr. Rohwe er’s paper, , and the . 


iron floating pan (36 i in. . equare and 13 in. deep) is located 30 ft east of the 


is one the most records that r t may be found from 


which to determine the relationship | between the evaporation from pi pans of 
Type | (1) and Type (4). . While 1 the published records frequently show days S 
missing or estimated records, the original ‘records are _ practically complete. 7 
a In cold weather when the pans were eqaen vet, the record was omitted i in the a 
publication and noted as days. ‘missing. The 14-yr. monthly 
Table 5; of M Rohwer’s paper, was tabulated by the writer, using 
and: using 32° 


ad 


ese - published) the writer has found that there 
is little difference between them and the data in Table 5. 
would seem to indicate that a few - years of evaporation given 
station may suffice for all practical purposes. 
fo! The writer agrees with | Mr. Rohwer and with» the Sub- Committee that. 
from. the standpoint of making comparisons w with known data on evaporation, 
’ the Class A Land Pan of the U. S. Weather Bureau (Pan (1)), is probably 
best adapted to the study of evaporation from water surfaces, because a large 
- number of these pans have been installed in the United States, and many — 
observational . data obtained under similar conditions with a uniform 


In Table 10, Mr. Follansbee edpeutiie to show the effects of factors in- | 
fly 
ve uencing evaporation.: In Table 10(a), showing the effect of temperature, — 
aie the Washington, D. Gs data. are e compared with the Austin, Tex., data. ~The j 
yr. re record of the Austin Station shows a mean temperature of 
J compared to 68° F, as shown in the e table. The wind velocity at the pan, in — 
miles. per hour, is 21 compared to 2.0, as shown i in the table. The relative 


is 82 ‘compared to 68. The evaporation for the 14- “year is 


in temperature could not be said fog, all. Aiflerence 


% “Climatological Data, Texas -Section,’’ U. S. Weather Bureau, December, 1916. 
Water Supply Paper No. 488, U. 8. p. b 
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_ In comparing stations: of ‘approximately the same mean annual temper 
ature, in order to ‘show the effect. of wind velocity and of relative humidity 

on evaporation, it “appears to the writer, that it would be x necessary to know 
‘that the stations had not le mes same mean an annual temperature, but also. 


"applied to the ‘different types 


have been ‘from which evaporation estimates” 
may be made that are sufficiently : accurate for 1 many "practical purposes. ~The 
application of such formulas may soon be found to be a more practical 

manner of rather than basing such formulas 
evaporation: pan records. Evaporation observations would then | only be : neces- 


for ‘Scientific purposes, or where accuracy could | be 


ast 


wii 


2 
a 
In establishing the coefficients to be 
-— evaporation pans, in order to reduce the evaporation to the open-water equiva- 4 ee. 
lent, it is suggested that a more accurate determination might be made by 
a finding coefficients that would apply to certain temperatures or ranges of 
temperature. Determining coefficients fi 
4 
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“HIGH DAMS. ON PERVIOUS GLACIAL DRIFT 


oe MEssrs. WILLIAM P. CREAGER, ADOLPH. J. ACKERMAN, 


ALBERT. HOLMES, AND IRVING B. CROSBY 


fit! int it 
P OREAGER,” " M. Am. Soo. 0..E.. (by letter) — partial com- 


7 parison of the Hardy Dam with the Soft Maple Dam is included in this 
excellent paper. | is of interest to make further comparisons since the 


~ dams are similar in many respects. _ They have practically the same height 
aad and thickness, but. the Hardy Dam is 2.7 times as long as the Soft Maple 


= of the mudstone layers, the foundations are almost the same, pera 


The chief source of difference lies i in the use of a ‘core- -wall and up-stream 
blanket for the Hardy Dam and the mudstone layers in its foundation. The 
author | the following data for seepage at the ‘Hardy Dam: 


‘ 
0 


at the Soft Marla. is: 


Dam. They are built of practically the sa same materials and, with the exception 


tt will be noted that the ‘seepage from ‘the Soft Maple Dam is about t twice 


= Nore.—The paper by Edward M. Burd, M. Am. Soc. C. E., was published in Ape, 
: 1933, Proceedings. Discussion on this paper has appeared in Proceedings as follows: 


May, 1933, by Messrs. Charles W. Sherman, and F. B. Marsh; September, 1933, by M. M. ; 


Chf. Engr., The Power of York, , Buffalo, N. 
Me ‘Received the Secretary, September 28, 1933 


O’ Shaughnessy and H. de B. Parsons ; October, 1933, by Messrs. Justin, and 
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oe 


quantity of the water seeping from the toe passes around the 
the piezometers at equal distance from the top. of the dam showing higher 
a _ gradients near the ends than in the middle. In all probability not more than 
25% of the total seepage is the dam 
r. ‘3 The effect of a core-wall in a « n an equally or more pervious founda- 


ion is problematical. The writer made some experime n nts to determine the — 
= effectiveness of a cut- off under an impervious dam on : a deep pervious foun- 
a dation overlying rock. It was found that, for a cut- off extending 40% to 
rock, the seepage was reduced only 23% and even with a cut off extending 


to rock, the ‘Seepage was reduced only 50 per cent. 


foundation has little additional effect seepage ! ~ 


BI _ foundation, would have reduced the total seepage certainly no not more than 


pared with core- -wall that extends only to the surface. It increases the 
resistance to flow” under and around the dam and, ‘therefore, lope of 
4 the hydraulic gradient passing the core-wall by virtue only of a slight redue- 


of area and a slight increase in percolation distance. 
— core-wall ‘at Soft Maple Dam, extending a practical distance into the 


= 


10 or 15 ‘er cent. _ A blanket of fine material on the up- -stream face and 
- m and sides of the valley, 
=< ey been much more , effective. } The presence of mudstone layers at 

if sufficiently extensive, into which the © core- -wall penetrates, re 


= 


phase of engineering which has been in the process | of 
during the past thirty years, contributions by Michigan engineers: a 


ee 


field of dam design have remained decribed unknown, and many 


| 


‘Its distinctive are » evident inspection of ‘Fig. 5 
which shows the isolated position of the mechanical analysis: curves: h 

‘respect ‘to ) those of more typical earth ndams. 


ats 


Fig. is offered as a convenient basis for classifying the various types 
; ee. natural- fill dams. ft takes into account the full range of natural materials. 
‘Since t 
(terms wi which are often to ‘the is “dependent 
g chiefly on local and « economic » factors and, toa lesser extent, on the type of : 
material, | it is suggested that such Sa when used in combination 


18 Mankato, Mime. 
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J. AckrerMaNn,” Assoc. M. Am. Soc. C. E. (by letter)**.—The 4 

author’s use of the term. “sand dam.” deserves particular 
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to use a combination name, such as ‘ “earth- gravel- rock- fill seat ihe 
isfactory than merely ‘ “rolled and dump- “fill dam.” 4 


that the suitability of a ders a is not defined thereby. 


Tie factors of solubility, ‘ “sloughing when saturated, ” ease of per 


” 


‘sticking to ‘roller, ’ failure to consolidate rapidly, permeability, pumping © 

A number of controversies have been unl over the utility of « core- walls. 
in earth dams, and there are, ‘unquestionably, several dams in which an 
bundance of impervious core ‘material has made the adoption of a core-wall 
“appear unduly conservative. The author has not only demonstrated the 
“merits of a core-wall for the special | conditions of his region, but has ee: rs 


concluded that in a sand dam percolation characteristics are such as to | 


: 


ent the same treatment of design that is applied to gravel d dams, such ae 


pe as the Mackay Dam, at Pendleton, (Ore., or, toa limited degree, to rock- All 
dams; ‘his recommendation, therefore, to. place the cut- diaphragm on the 


economical structure, as slong 2 as ‘sdequate ‘safeguards have been: ‘taken in 2 
the face slab to maintain its water- tightness. Rh 


_ The writer was employed from. 1923 to 1925 on two of the projects indie’ 


ry practical features in the’ proposed im 
(Fig. 6). The proposal to sluice the ma material up. 
stream on a slope of 1 on 8 is amply conservative, since measurements taken % 
under similar conditions, where the material was: allowed tor run parallel to 


axis of the dam, gave a ‘slope of 1 on 20. 


Where: the intake a nd power-house are ‘combined in a box- like 


Structure and serve as a section of the dam, the Tequirement of 


5 uniform base pressure 1 under full head, instead of the customary middle- third» : 
theory of stability, places special demands on the ‘designer’ ingenuity. As a 


ule, the base slab and intake walls are tied. ‘together with reinforcement .o. 


utilize the weight of the superimposed water, and parts of the structure not 


required for water passages are designed as cells and filled with sand. 
BS — On the project built in an area of quicksand, the writer was coateaniah 
rae with the perplexing fact that with the addition of a new lift of concrete the - 

beginning of settlement ‘invariably lagged several days ‘behind the pouring 
dates. A satisfactory explanation has since been offered® by Professor 
gt Terzaghi who showed that i in saturated foundations this time lag ‘represents a 


the mechanical action of. squeezing out the water, 
, The it intake tower described in the paper as a monolithic ‘structure is of 


‘More or less standard type, but the foundation special 
importance when ice thrust is considered, and, n 

details on this point would be of general interest. 

_--'8“"Phe Science of Foundations—Its Present and Future,” by Charles Terzaghi, M. 

Am. Soc. c. E., Transactions, Am. Soc. C. E., Vol. 93 (1929), p. 278. Natl. Bat vert 
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HIGH DAMS ON PERVIOUS DRIFT 


MES,” AM. Soo. C. E. (by letter)”. —About thirty 


~ for. building | an prion dam, with core- -wall, toa height of 150 ft, but that to a 


fe height of 70 ft an earth dam on a firm foundation, properly built of of selected 
material, was as safe and lasting as a masonry dam. 08 
The Board was mildly taken to task for following precedent so . closely, 
i and for forgetting that the manifest. destiny of the engineer is to control and 
My direct the forces of Nature for the benefit of Mankind. In this case, Mankind 
would chaye been greatly benefited, in his pocket, had the Board for the 
- moment forgotten precedent and forced Nature to disclose a method of build- — 
ing a safe earth dam to a height greater than 70 ft. Precedent need not bee 
- been abandoned, however, because wider investigation would have disclosed the 
ai fact that several earth dams were in existence exceeding 100 ft in height : 
=e and many more than 01 ft high, Two of the high ones, 120 and 125 ft, both 
without core- -walls, w were in. California. Strangely enough, technical 
of any of these dams could have been at the time. 


found everywhere i world, and Michigan ia one the regions 
oo it is not always available, from which to “select the best.” Sand is ; 
however, , and has been used there and deewhere as a dam- building 


determined in advance the Wet: peroolating would take 
> in. passing through that particular sand, and then have given the down- “stream 
— face the same or a flatter slope, — at the ) toe by a an inverted filter, 
The designers and builders of Hardy. Dam, experience end. research, 
e were thoroughly familiar with the characteristics of the construction material 
“they must use. Their problem was the economic control of seeping water. | The 4 
Be solution was to construct a flexible cut-off wall, supplemented | by deep sheeting — 
* below, assisted by a rock- filled trestle and pipe drains at the down-stream toe. : 


J 
107 Granular materials, like sands, are relatively incompressible when confined. 


the possibility of such a change of position, the volume of aap mass changes 
(Nery: little under Pressure. A few of air a mass of 


Received by the September 2 29, 1933. aT 
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tinuously used in building dams and dikes. Quickly there came a flood of 
information, filling engineering periodicals and overflowing into books. By 
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— bting, the Board of Engineers had served the art of earth-dam building _ 
d turn; but dams of sand were not within its purview. 
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foundation materials under the | valley floor “were Testrained from 

lateral motion, and it is not surprising that the settlements at Hardy Dam 
were ‘so slight. Heavy loading of : an area would cause horizontal bulging 

the direction of less te loaded areas, but this ‘was by the design- 4 


for the Bridgewater borrow-pit lie together, 


that: sluicing at Hardy Dam would have a core as i im- 
pervious r ional in the Bridgewater Dams. This is an illustration, of the 
varying characteristies of ‘materials that must be used in the construction of 
dams in different parts of North America. The author has described the 
‘Michigan: dune sands of that glaciated region, Bridgewater, N. C., lies south 
- and beyond the advance of the ice ‘sheets. The writer has described the 


geology of this region and the borrow-pit material in some detail in a previous 


t 


the pit face this still retains the markings’ and appearance of 
original ledge, but can be excavated readily by steam ‘shovel without 
blasting; it breaks up further in handling. The cores of the three dame 
: ‘sluiced from this material have effective sizes of 0.026, 0.028, and 0.030 mm. 


- ‘sands of Michigan, and under pressure i in | place i in the dams, and under the 


pressure applied in connection. with seepage tests, may have broken down 


ss ‘The | grains of the Bridgewater materials a are not hard like those of the ce : 


a 
than the aforementioned sizes, from: sam} les, 
Pp 


vo — A sample of ‘Michigan dune sand has given an effective size of 0. 218 mm. gy og! 


‘The. effective | size of sand | grains in Soft Maple Dam was about 0.17 mm.; but 
os what is more indicative of porosity of a 1 material is its uniformity ratio. 
The uniformity ratio of the dune sand was 1. 65, indicating high porosity. — 


As an alternative method of construction Mr. Burd suggests the ‘use of a 
single set of dumping trestles in the down-s' -stream embankment and sluivitiiy oe 


the 1 up- -stream face. Sand and gravel, containing considerable fine material, 


be controlled ‘successfully on steep slopes by means of shear-boards or 
their equivalents. During the period, 1895, to 1897, the Northern Pacific 


- Railroad” Company placed, by sluicing, more than 600 000 cu yd of | Nl 


fifteen trestles in the State of Washington, at an average cost of 6. 39° cents 


% per cu yd. The purpose of making the fills was to eliminate the trestles. The — 
slopes approached more nearly those of railroad fills than the slopes of dams: 


material was conveyed from pits to fills” by ground- -sluicing and sluice-— 


boxes; no material was s dumped from trestles. 


Transactions, Am. Soc. C. E., Va. (1921), p. 


“Reservoirs for Irrigation, Water Power, and Domestic Water or Supply,”. by the late 
James Dix Schuyler, M. Am. Soe. C. E., Second Edition, — Pee 
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---; Ji sand and gravel could be held on the slope, the author suggests, _ 


might not sluice ¢ on grades as flat 1 on 8 without follow- “up methods ; 
-€ 


belt “conveyors « on the cut- -off wall, was ishuiced to but. did not 
assume very flat slopes, except the smaller sizes. ty 


"ea The importance of consolidating sand and gravel fills with water cannot 


be too strongly emphasized. No other: method will” arrange the grains in 


™ 


SR — large | masses in so compact a manner as water. Even standing w water, as s by 
7 icon will bring about remarkable compacting. Caleb M. Saville, M. Am. 


a Soe. C. E., has demonstrated” what may occur, in the two methods of age 
ing, the . -stream face, or to. the | center of a dam. The line 
iy saturation is always above or coincident with: the San, of “complete erations 


that is, the line shown standing water in bore- or 


-pond- water surface. At times, at the is 


saturation than the capillarity of the ‘material. ‘The line of 
saturation and the line of capillary saturation are both of interest and 


importance, but if and when used (and for clarity), they s should be designated 


7 fully and correctly and not. confused Ww ith or called the hydraulic grade, asad, 
From. tail water rock- filled to -pond-water surface at the 

, or approximately ‘parallel with 

upper of the prt line i is shown on the 


cross- “section of the dam (Fig. 1), apparently ¢ drawn from t the top of the rock- 

filled. trestle to the cut-off wall on a slope 1 on 5. This slope is an 

average, ‘determined by observation | and the experience gained by the design- 
ers from other structures of similar materials | built by them, and lies safely at 


es within the lines ¢ of the down- -stream embankment. Its position depends on 
the. integrity of the cut-off wall and ample drainage afforded | by the 


rock- filled trestle, and ‘they, in ‘turn, make possible the steep slopes and 


writer's understanding of the “saturation Tine” and position, , as 


(Fig. 6), i is that with the drainage vrovided at the toe, saturation 


men-- 
aka 


Be In the absence of a mudstone layer with which to connect cut-off sheeting — 
the up- -stream toe (Fig. 6) an embarrassing quantity of seeping water 


_ might be foreed up and into the coarser materials in the down- stream part 
the embankment. Modern laboratory investigation of the influence that 


cut-off walls and their positions have flow under sand dams, would 
atel %8 Transactions, Am. Soc. C. E., Vol. LXXXVII (1924), p. 97, Figs. 39 and 40. ee. 
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The author’s curve of total settlement of the crest wall (Fig. 4), shows, 

a by a series of four dots just: below the 3- -in. line, a period of of rest at the end 

=, of the embankment building period and the beginning of pond filling. > This 
— | characteristic record of embankment settlement and the writer would © 


eet with the author for not permitting his curve to follow the dc dotted — 


Foundation material does ‘not settle appreciably until a considerable foe 


has been applied. It is then’ rapid during loading ¢ and less rapid thereafter. 
_ The greatest percentage of settlement takes place at the » base of the fill. 
7 7 To measure the settlement taking place during construction and at various 
- depths, a series of plates and attached pipes were placed in the rolled a 


‘embankment of Fifteen- Mile Falls Dam, on ™ Connecticut River, at 


The ‘embankment is a clay and gravel Fig. 8, having maxi- 


mum height of 162 ft and abutting against a high retaining wall at the foot ad 
the. bluff. space between the back of the and the foot of the 


Galvanized Cap 
1 12" Pipe, 5-ft. Lengths 


Added as Fill is Raised 
& 2" Galvanized 6 ft. Welt-Point Settlement 
Settlement Rods - Pipes, Numbers 13" well. Poi 
Numbers 7, 8,9. , 1,3,4and5 


2 Screen Covered 
Steel Gravel ile 


WELL-POINT 
SETTLEMENT PIPE 
12-in Top Soil, 


ae at 


10400 


_ bluff was narrow. | ‘Here, the boulder clay fill was placed by hand and air- 
tamped. The remainder of the fill, to the top of and on t 4 he le 


delivered i in trucks, spread by “bull- dozers” and rolled i in layers not less than 5 


in, thick after. rolling. ‘The first. plate and pipe, No. 1, was placed on the 
layer of air- clay, 18 ft thick, that "Other and 


“a embankment. _Well-points were attached the and surrounded 
bya a gravel-filled steel frame. This was for determining water elevations 
in the fill. Elevations of plates were obtained as each 5- ft section of pipe 
pi was added. Frost penetrates deeply i in the latitude of Fifteen- Mile Falls 
and to keep below the frost line 7-ft rods were used with the plates placed — oe 
the : finished embankment. For the protection of the rod and to Prevent 
gripping and lifting by the frozen ground, a pipe is placed with the rod 
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The grease in the pipe excludes’ ‘surface water, which in freezing would 


Experience at F ifteen- Mile Falls: Dam that total settlement 


ang 


Irvine B. Crossy”, AFFILIATE, Am. Soc. C. E. (by letter). Handy, Dam 
a is. on the Muskegon River where it passes between the ‘great interlobate 
“moraine, which extends up the western side of the Southern Peninsula of 

- Michigan | between the Muskegon and Manistee Rivers, , and the combined 

Charlotte and Valparaiso moraines, , which extend : south from the Muskegon 

River, the first ‘swinging to the east through Southern Michigan and the 


“second sw swinging - to the southwest around the southern end of Lake Michigan. 


: 


‘between a lobe of ice which coeupied ‘the Lake Michigan Basin 
? to the east. . The: moraine consists partly « of more or less sorted débris w ashed 
= from the ‘ice and partly” of glacial till pushed. up during a a re- -advance of the = 
ice. The t till is an heterogeneous mixture of rock- flour, sand, gravel, cobbles, 
boulders; and, depending upon the quantity of fine material, it. 
from a hard, dense, boulder clay to loose sand, gravel, ‘and cobbles. On account 
@ this origin the composition of the moraine is is very complex. <a 
the « dam site, the Muskegon River flows through a broad valley which i is: 
floored with glacial outwash consisting of sand and d gravel. 3 Beneath this out oe 
ow wash is a ‘a great thickness of glacial till which is generally sandy. The 1 river 
es: as flows along the northwest edge of the valley near the interlobate moraine, and 
the northwest end of the d dam almost connects. with the moraine. ‘The sand 
plain extends for several miles south of the dam. Prior to the construction. 
the dam the river flowed in ‘an inner valley or gorge about ft deep, 


< beg which | cut through the ou outwash sand and gravels: into the till. The dam is 


across this inner valley ‘and connects with the till and -outwash deposits at 
either en end. Embankment material was generally taken from the outwash 
‘deposits, hich are less heterogeneous tha 
eposits, whic are ess he erogeneous an the ti .wovien, 
‘Hardy Dam rests directly on a layer of so-called. “mudstone” which has 
_ maximum thickness of 20 ft, but which apparently was thicker before it was 
eroded by the river. ‘This “mudstone” a very fine- -grained sediment con- 
ae _ taining s small shells, and, in its natural condition, is moderately hard and. very 


dense and i impervious. t dries out slowly and can be easily crumbled i in. t the 
fingers in either a a dry or a damp condition. This ‘ ‘mudstone” contains prac- 
no clay and is is not plastic. When dried and ‘thoroughly | crumbled, all 
but a small percentage will pass through a 200-mesh sieve. The coarser 
ree - tion consists of shells and fragments of shells and of fine sand, largely : nine 
grains ¢ of quartz. That: part which passes ‘through h the 200- mesh sieve varies 


= greatly in grain size, and the. grains are mostly angular, It consists largely q 
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minute fragments of calcite witha a percentage of quartz and feldspar. 
_ This “mudstone” resembles, in composition, marls that are found in adjacent 
| parts s of Michigan, and it appears probable that this material is a marl formed 
by the chemical or r organic precipitation of calcium carbonate in ‘Swamps. — 
The fact that peat 1 was found associated with it supports this 1 view. The = 
quartz and feldspar presumably were washed into the | swamp and mixed with : aq 
4 the calcite. 3 The marl is ; overlaid by glacial till, showing that after its forma- 
| = tion in a swamp it was over-ridden by an advance of the ice and subjected to ee 


‘great pressure, which accounts for its hard, dense condition. The till immedi- 7 


Oe ately overlying the 1 mar! is hard, dense, and ‘reddish, and is quite ‘different 


The history of these deposits is apparently as s follows: ‘During the ‘melting 
back of the ice ‘sheet which covered Michigan in the last glacial period, 

great quantities of sand were deposited, and then swamps and ponds developed, 
in which marl and peat were formed. These deposits indicate the presence of 

4 


| animal and vegetable life. Then the ice re-advanced over the marl and peat — ee 
swamps and laid down a layer of boulder clay which was compacted under the , 
7 weight of the ice, forming the hard red till. - During the subsequent melting — PA 


of 1 the ice the sandy tll of the interlobate ‘moraine was formed, and, finally, — nd 
sand and gravel v were deposited in a temporary lake at a “much higher level 
‘than the lake in which the marl was formed. 


4 Mr. Burd has emphasized the heterogeneity and irregularity of ‘these 
: "glacial deposits and states that a any but the most general deductions beyond | 
actual exploration are wholly unreliable. It is true that with these glacial — 
deposits little ‘detail can be forecast without ‘sub- surface explorations, 

ther esults of such explorations can be interpreted more accurately by one w who — 
: is thoroughly familiar with the geology of this type of deposit. Picea 
a One of the most important problems i in connection with a dam on pervious Ss 
glacial drift is to estimate the seepage that will occur under and around the hs 


dam, With such irregular deposits this is difficult, but reasonably satisfactory 


‘ 


can be obtained. Estimating the seepage, however, requires thorough 


and accurate surface information, undisturbed and unwashed samples, 
: careful tests, and, above all, a thorough understanding of ‘this type of deposits. — 
Accurate boring samples a are. important, and wash ‘samples s are worse than u use- 
less. 1 Tt is is absolutely essential to obtain a from which has been 
removed or to. which nothing has been added by washing. ve possible, 
_ undisturbed sample with the original structure and compactness should be 
secured. 1. With the best of boring samples, however, estimating the seepage 


& under and around the dam is a much more dificult problem than Stet 


tion of materials 2 are ‘at the best only imperfectly known, while i in the latter — 
case the arrangement and condition of the materials are controlled and can 


‘known accurately. Since even elaborate sub- “surface exploration does not 
¢ give full or accurate information the best results can be obtained by a geolo- a, 


4 in this kind of and who is familiar with the arrange- 


“eos 
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at the Hardy Dam contrast. strongly with those “generally 
we c found at dam sites in the eastern part of Canada and the glaciated region of 
ao Se the Northeastern United States. At the Hardy Dam, and in a large part 


the Southern Peninsula of Michigan, bed-rock is the 4 


region, the present drainage no relation to the 
s, entirely independent 


Pike In the East, the bed-rock topography i is irregular as a rule, and the thick- . 
‘ness of the glacial deposits varies greatly within short distances. " ‘In the more 
mo untainous regions | the streams. are usually in their pre-glacial valleys, but 
not in their old channels, which are often b buried at considerable depth. In 
the 1 regions of low relief, however, the streams often p pass from | one pre- glacial 
valley to another and have little relation to the pre-glacial drainage 


~M but even in these cases there a are e usually exposures * bed- ‘tock, and its location 


- interlobate moraine where till and sorted ‘materials were both deposited. 7 
adjacent areas there may be dam | sites with much simpler conditions. 


“i A site on an extensive outwash plain r may have continuous layers of sand, 
ae gravel, or clay in a ‘more or less orderly arrangement, and a site nas 
ay a moraine may have foundations: of boulder clay which would be tight — 

a and would offer no serious problems. The | type of dam site and the nature 

pa. of the problems can easily be determined by a brief geological investigation, 

a and the details ¢ can then be investigated by borings and, if necessary, by per- 
‘meability 1 tests, on samples. From all this information the geologist can then 


forecast co conditions and answer the practical questions that will arise. 


7 


— 
— 
— 
bed-rock control. e Hardy Dam, and at other dams On the MUSKegon 
| 
— 
a 
— 
— 
ee. = e are probably as complicated as any, since it is at the southern end of a great = 
— 
Sea 
— 
| 
M 
= 
— 
— 
— 
a 


AMERICAN. SOCIETY OF CIVIL ENGINEERS 


ACTUAL ‘DEFLEC IONS” AND TEMPERATURES 


Lars R. JORGENSEN," M. Aw. E. by letter)? Ariel Dam i isa 
fine addition to © the arch dam family and | is — described in this paper. | The 


The cantilevers of the Ariel Dam to take certain: 
|= of the total ‘water load, thereby 1 relieving the arch for just that part. — 

_ Accordingly, a dam with a slimmer cross- section has been obtained, 1, than if 
the cantilevers had been left out of consideration for load- -carrying “purposes. 

The general shape of the Ariel Dam, according to Fig. 4, remains as vm- 


metrical as as if ‘the cantilever action had been neglected. In both cases, the 


Jide 
iba -stream and down-stream faces would be w warped surfaces, bound by | con. 
centric circles | at it varying horizi horizontal elevations, having lengths o of 


radii decreasing toward lower elevations, similar t to any ordinary constant- 
angle arch dam. _ Therefore, to all intents and purposes, the only difference pe: 


__ between the actual design of Ariel Dam and one neglecting the cantilever - 
is, that ‘the named would have greater thickness. central 
ners down to what the maximum stresses 
a State ¢ commission or Federal Power Commission dictates the 
maximum s stress to be used in the design, as is the general rule almost « every- 
- where, concrete ¢ ean be saved perhaps by attempting to use the combined . 
cantilever method, but the same so-called saving, or ‘the same ‘thinner 


Be could have been obtained for the Ariel Dam by calculating the arch 4 


i for the full load and increasing the arch stresses correspondingly. tA: small 
fee addition to the section near the abutments at the middle height of the. dam 
would be of advantage to design in any 


 . Norp.—This paper by A. T. Larned and W. S. Merrill, Members, Am. Soc. C. E., ll ies 
_ published in May, 


1933, Proceedings. — Discussion on this paper has appeased in Proceed 
ings, as follows: September, 1933, by George Jacob Davis, Jr., M. Am. Soc. C. . EL; and 
October, 1938, by Messrs. D. C. Henny, and B. B. Torpen. 


Received by the September | 5, 1988. bet? 
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As as the margin ‘it makes little 
- whether the vertical cantilevers or the beams carry any 1y load whatever. ‘The 
_ arch stresses are kept low, according to data given in Tables 1 and 2, and 
the arch can safely carry much more load. 
Only at the north abutment do the arch stresses given in Table 1 approach 
the allowable limit ; 3 but since the north abutment i is only a continuation of the 
n ret 
arch, except ‘that the ‘section of the continuation is about ‘twice as large 
as | that of the arch, the arch stresses determined under the assumption that 
the arch ends definitely at the thrust- block, are conservative. ae ar 
The: attempt to calculate the division of load between the cantilevers and 
F the arches leads to tension in the up- stream face of the cantilevers, as it 
generally does u unless the dam is quite high | compared to its width. 
authors do not accept this tension, but assume that cracks develop. - Pn = 
When a horizontal crack i is produced it causes additional deflection of the 
- cantilevers, which re- -acts | on the deflections of the arches and these, again, 
re-act on all the other cantilevers, thus causing a change in the division of | 
load between cantilevers and arches. Z The writer has made a search of tech- 
_ nical literature in order to ascertain how a deep horizontal crack, or several 
cracks, affects the deflection, since the ordinary theory is inadequate 
Pp ’ eq 
- with problem. only reference the writer has found* Was one 
is quite complicated and no claim is made to 
of The writer ite like to know how the authors’ calculated the stresses and 
- deflections produced by the cracks, and how they determined the location 
and depths of the cracks, because unless this } can be done with sc some degree of 
curacy the proposed method obviously fails or becomes a matter of pure js 


= It would make considerable difference whether there were tl three 


In ‘Tables 1. and 2 the | boundary stresses in the arches and in the canti- 


levers, respectively, are shown for a certain calculated division, of load. For ‘ 
i 1% Cantilever G (Cantilever 27, Fig. 6), cracks are assumed to occur at various 
elevations. For intermediate elevations the depths of cracks are ‘not given. 


To assume so ‘many deep -eracks is a rather astonishing practice. erack 


BB 5 ft deep in a section 80 ft thick, leaving less than one- -third the section 

intact, does” not inspire: any ‘confidence in the ability of the. dam 


= although he has sp time in looking for them to study 
ae cause, in order to to avoid d them in the future. He has found a number int 
a en various places in various dams, but never (or. rarely) ar any definite horizontal. 
cracks of any consequence. Ii If they were present, such ¢ cracks would not be 
difficult to detect in dams. provided with vertical drains near the ‘up-stream 


face; they would also be indicated definitely with reservoir empty after they 


13“The Cracked in Dam Design,” Engineering and Contracting, December, 
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closed. If as many horizontal cracks could be found on the up- 
face ” the Ariel Dam as were assumed in ‘Table : 2, one would hesitate build- 


The writer objects to a theory in which are assumed as soon as 


apparent tension is s encountered and in which the calculated depths of ae 
assumed veracks made the basis of deflection calculations stress 
determinations. The ‘stress distribution near such cracks has been disturbed 


to an unknown ¢ extent. One designer makes one guess, whereas some 
equally competent engineer er would make a different guess and would obtain 
‘different results. | In the Stevenson Creek Dam, there was one horizontal 


“rack at the bottom of the dam, but this structure is not of ‘normal arch 


- design and, therefore, not in the same class as the Ariel Dam. — piveaee, woah 


“a On several arch dams, the writer has observed that the part of the arch 


‘between the ‘quarter-points and the abutments, does not deflect in a down- : 


stream direction as much as the deflection formula would indicate. — An 
exaggerated. case is the Stevenson Creek Dam, in which this part of the arch 
deflected up stream instead of down stream with full water load. This would | 
| indicate that the arch is loaded with more than the full water “pressure ~ 
toward the abutments. The deflection theory of arches 2 as ‘now available 2 


does not take this phenomenon into account, as it cannot be explained theo- 


-retically, except perhaps as a buckling action. 


The ‘Willis A. Slater, ‘M. Am. ‘Soe. E., stated” that on the Emigrant 
tay 


Creek Dam at Talent, Ore. “9 “it was found that there Nail indications of a 
up-stream_ deflection” (of t the arch toward the abutments). “With this 


ast 


\ double confirmation [Stevenson Creek Dam and celluloid model | at Princeton © 


aj 


University], there need no longer be ar any reason for — the indication 
‘Stevenson 


- Creek Dam deflected 0. in, up stream toward the pany of the 


“the ‘south 0.01 ft, ‘which is twice ‘that assumed in the design, and 
it is difficult to understand, nd, why tl the deflection of Point M, Cantilever 36, ae 


' Table 8, at Elevation 200 was only | 0. 008 ft (caleulated t to be 0.006 ft) ‘unless Mae: 


some up- -stream deflection of the arch at Mu relative to the abutment did take ie 


place, in which case the load on the ‘cantilever reversed. At Elevation 


 Peins M, Cantilever 36, is located s so close - to the foundation and to ‘the abut- 
ment that the arch could not buckle measurably up. stream, and 


f measured deflection of 0.011 ft indicates that the foundation evidently has 
taken part in the down-stream deflection to a large extent. 
ae The calculated deflection at this point, which is 0.008 ft, or or r 3% times 
- smaller than the measured | one, is supposed to create a horizontal crack 11 ft .*: 
= on the up-stream face. A much | greater actual deformation would 


Am. » May, 1928, Pt. 3, p. 130. 
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‘sumably cause a ‘much > "greater depth: crack. It is such 
small deflections are quite difficult to measure accurately, but such errors in 
the deflection must produce errors in the division load 


finding the stress distribution on horizontal planes in a cantilever, 
three assumptions ¢ can be made (one at a time, of course) : - (1) The e vertical | 

compression on horizontal planes is a linear function of the ordinate, a 


® shear distribution 0 on horizontal planes i is s parabolic; aie vertical stress 


with, a maximum compression at the down-st -stream 
face. - Assumption (2) gives a large vertical tension at the up-stream face, a 


oc large compression in the » middle | of the cross-section, _and zero compression at 


ih? 


4 the down- -stream face.” j Assumption (3) gives less vertical ‘compression. (or 
actual tension) at the up- -stream face and less compression at the down-stream 
face than Assumption (1). The : stresses “obtained by the use ‘of this method © 

will. average ‘between those due to Assumption (1) and Assumption (2), 

since less important assumptions were made i in obtaining: the ~design 

ai formulas for’ Assumption (3), these formulas express most “nearly the actual 
Stress ‘distribution on horizontal planes near the foundation. Assumption 
gives stresses at the -stream face that are too favorable. 


;  o.. M. WwW estergaard, M. Am. ‘Soe. me E., , has attacked the problem of arch 


‘design i in a 2 somewhat different manner. ' He treats the structure as an ‘elastic : 


‘shell, rather than as a system of ‘arches and cantilevers. 


‘Westergaard advances: the idea that when the influence ‘of Poisson’s 
ratio and of ‘twisting moments. is considered, the simple picture no more 


exists which independent arches and cantilevers deflect equally at 
“point in common, when the load i is divided properly between the arches and 


for calculating the stress, but states, that the present stage of ‘the work i is 


a that. of research and is too elaborate to be u 
ing engineer cannot be expected to have the mathematical ability of Pro- 


24 fessor Westergaard | and, therefore, would have to leave the problem of the 
late Fred A. Noetzli, Am. oc. C. E., 
for the vertical arch action in curved dams;* which tend to o demon- 
strate that a considerable part of the weight (in the example given by Mr. a 

ne Noetzli, it is one-half the weight) of the middle high portion of the dam is 
transferred by means of vertical arch action to the hillsides. Only 
= Temaining weight ‘could then take part in resisting the water load through 
-_ eantilever action. This is an important item to consider and it is not. safe 
to overlook it,as has been done. i‘; 


“Stresses in Dams by the Principle Least Work,” by B. F. Jakobsen, 
“Transactions, Am. Soc. C. E., Vol. 96 (1932), p. 


16 “Technische Mechanik,” by Otto Mohr, Second Edition, p. 296. 
17 Rept. . of Committee of Engineering Fountetian on 


Am. Soc. C. E., 1928, Pt. 3, p. 281. 
Transactions, A Am. ‘Soc. Vol. (1921), pp. 36- 39. 


the cantilevers. He does not develop formulas, however, that can be used — 7 
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an arch dam the Cain formulas for determin- 
ZS the stresses and assuming full water load acting on the arch, the experi- 
enced designer will always keep in mind that certain actions not directly — 
taken care of by the sim mple Cain formulas (such. as the spreading of the 
foundation, a temperature drop, and water- soaking on the ‘Up- -stream face) — 
rd tend to increase the tension at the intrados at the | crown. — The action of 
7 ‘Poisson's ratio, however, tends to compensate for this tension, but at higher - 


appearing structure, it is impossible to the stresses 
i great as the maximum, or ‘anywhere 1 near this limit, at all elevations. - Only 7 

at elevations where ‘rather high stresses exist, would it be necessary to go a 
~ over the calculations repeatedly, taking each unfavorable item into considera- : 
tion separately. Tensile stress at the intrados at the crown is the “most 
important stress on which to keep a a check. 
For lowering a high tensile stress at the abutments on the ‘up-stream 

side, there are several compensating features “not included in the formulas, 
as water- -soaking, foundation deformation, « ete. That the compression 
should occasionally over-run the present allowable limit of | 600 Ib sq in. 
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‘Dan is provided with c contraction joints its spaced rather together, as 
each joint the stresses have an opportunity to adjust themselves somewhat. La : 
Ih the past the writer has followed a tendency to space contraction | mn 

a ‘rather far | apart; ; this w was with the object of sa saving in cost of joints. “It — 


(say, 30 ft ‘apart ix in the z zones of x maximum um stress) and t to ‘grout it them with 


mixture of cement and plaster of Paris, with or without a ——— 
2 of chemicals, depending on whether the cracks are large 0 or small. Plaster of 


Paris grout, used alone, expands 0.3% when setting. The ‘combination i is 
7 ~ nearly neutral i in this respect; the modulus of elasticity i is much smaller t than 
for the cement grout ‘alone and will allow for s some re- adjustment of ‘the arch 


stresses better than the pure ¢ cement-grout. on ste or stoi » 


_ The Ariel Dam section is thinner than it would have been, had the conti> 


action been neglected. ‘The same toial yardage could have been obtained 
by i increasing the arch stresses and neglecting the cantilevers as load carriers. Be a 


_ The time saved in making such a design would equal the cost of many y yards 


concrete that could have gone into the structure instead, 
the technical theory stands developed to- day, with the necessity of 
making a considerable number of in order: to get anywhere it 


in gravity dams; but, even so, combination of the two actions 


. B. M. Am. Soc. E. (by letter —1 —The writer 


- felt some dupticlen as to whether the results of computations by 


Engr., Vancouver, B. c., Canada. 
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‘the trial-load method were worth the labor involved. In the lon, 
Tun, | the method is based on the elastic properties of the ‘masonry and of ‘the 
4 material in the foundations and abutments. It is certain that these | prop- 
erties are not uniform throughout the structure and, moreover, that ‘they 4 
cannot be predicted with any certainty as to the facts. _ Hence, the behavior. 
of the structure under load cannot be , predicted with a any y certainty, either. ge) 
Tables: 1 and 2 exhibit some predictions w which are extraordinary, to say 
least. example, predict cracks at Elevation 0, which are 56 ft 
these as ‘at ‘all likely to to be ont the facts. Is it 
fact that the dam is cracked as the theory shows it should be? 1 i; not. the 


theory is is worthless. - Table 10 the writer: has. re- arranged Table 8. It 
EASURED DEFLECTION 
TABLE 10. —VALUES OF THE Ratio, 
i 


0.99 | 0.66 
0:71 | 0.86— 
Bi 1.15. 


will be seen ‘that prophesy and performance do not agree by as as 370. 


per cent. — What is the use of carrying: calculations to the fourth decimal 

4 place if facts 1 may y differ from predictions by a any ‘such amount as this? Even 

‘Tf ealeulated rai ow 

% calculated strains may y differ from actual strains s by 150%, how far 

re the corresponding stresses? The theory indicates » that either very 

ge a high ‘tension must exist in the up- -stream face or, in the alternative, that 


cracks 56 ft deep have formed. This tension, or crack, is deduced from the 


deflection, as as calculated, int the vertical plane. ‘if a swelling of the ‘masonry 
is assumed of only ‘: part in 20 000, due to. soaking, it will account for 


tho, deflection t to indicate nearly 100 Ib per sq in. .P Poisson’ s Tatio, assumed at 
«6. 10, will account for nearly 50, the n modulus being assumed. at 2 000 000. If, 
as is much more likely; this modulus approaches 5 000 000, these two factors 


prophesy and performance differ. by a as “much ‘as this | paper ‘indicates 


they may, , there ‘something with the theory upon which 


tea a . «a 
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SOCIETY OF CIVIL ENGINEERS 


By 


a PROGRESS REPORT OF SPECIAL COMMITTEE 


MEssrs. JOHN H. GRIFFITH, HARRY E. ‘SAWTELL, | 


Yo 


oun H. Grirriru,” M. Am. Soc. C. E. (by letter). “-_In its consideratior 
of = “Basic Problem” the Committee has sought to establish a fundamental 


dynamics applying to macroscopic matter on the basis of a a molecular 
hypothesis. arrangement of uniform cylinders or spheres: is utilized in 


depicting the mechanical structure of ‘the molecular system, and algebraic 
Processes are used in deducing the analysis. Admitting the desirability of 


a general dynamics for earths a molecular theory, seems futile in the light 


history. the past ‘century the highly philosophical molecular theories 
of Navier, Poisson, Boscovich, Aepinus, Poncelet, de Saint Venant_ and Lamé. 


all been superseded by the ‘potential algorithms of Green ¢ and others. 


_ The German authority, Sommerfeld,” has remarked that the matrix or su m- 
mation method is simpler in principle, to which many will agree, but 


_ adds that the wave analysis is simpler in p practice. The idea of simplicity 


of procedure not only applies to molar and molecular matters, but always 


la 


5 The: anomalies of the molecular theory : are brought to view when it is 
3 [considered with reference to the existing physical conditions. In Nature, — 


energy ii is never diffused in ‘space from a source ‘through the angle of a pyra- oe 
or at 60°, as premised. In general, it is diffused in _three- dimensional 
space through the solid angle, ‘4m, and for the particular case of plane space ee 
through 360°, as attested in the instances at, light, sound, and 


|  Norpe.—The Progress Report of the Special Committee on Earths and Foundations 
re; was ee at the Annual Meeting, New York, N. Y., January 18, 1933, and published — 


in May, 1933, Proceedings. Discussion on this report. has appeared in Proceedings, as 
_ follows: August 1933, by Messrs, L. C. Wilcoxen, H, de B. Parsons, William P. Kimball, 
& T. A. Middiebrooks; September, 1933, by Messrs. Daniel EB. Moran, and A. E. 


Cummings ; and October, 1933, Messrs. Edwin, J. Jacob ‘Feld, George dD. 


Pret. of Experimental Eng., Iowa State Coll., Ames, Towa. 
Received by the Secretary, September 20, 


of A. B. H. Second ‘Edition » BP. 7 to 
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electricity. When energy is apparently or diverted | by the agency 
ll of a grating, filter, reflector, pipe, wire, or insulator, as the case may be, the | 

relative character of. the phenomenon i is to be apprehended. The diverting 


— device is not to be seganied as an absolute non- -conductor, but rather as t the | 


S 


rh 


is regarded as special case of a dielectric, ete. ‘The corresponding 


dynamical analysis should correlate and should parallel precisely the con- 


dition imposed in the mechanical set-up in any rigorous” accounting for the 


mathematician, Mitchell," in his sketching and analyses of many distributions 
ey similar to those of the Committee as shown i in Figs. 40 and 41, In each case 
he e considers the distribution « of stress in a cone under a a load at the vertex. 
‘He knew that the general differential equations of dynamics apply to 


versal versal space distributions as in the instance of Laplace’s well known equation, 


WRG 
¢ whereas in particular the ‘surface of a cone is free from stress and is sur- 
rounded by “blank” | space (neglecting air or ether). He posited first the 
distribution for the whole of space. ‘He then annulled the positive stress 
on the boundary of the | cone by an appropriate opposing stress, giving the 


desired. free boundary and resultant ‘distributions both within and without 


to the surface. He chose the internal distribution to meet the - needs and 


| 


Love” proceeded in a a similar manner the case of the 


‘dynamical principles are muficient for the case of all 
Y science. — To cite a particular case of classical dynamics | where the untoward — 
4 stress and energy is not equilibrated on a surface, but throughout a: volume, | 
there i is the dynamical theory o of polarization. ‘Under normal conditions two 


opposing energies are equilibrated. For a suitable displacement of the plus. 


a and minus e energies in the polarized condition, the so-called ‘ ‘pressure-bulbs” 

aa are generated precisely like those of Figs. 35 to 39, inclusive. | _ Since there are. 
the civil ‘engineer, in ‘getting rational solutions, will be confined to the same 


wae 


essential methods as those of any scientist in accordance with the 
Considering more specifically s* for the “basic problem,” the 


em. of pressure directly under the normal load on the infinite horizontal 


plane and co- -axial with it (eee Figs. 1 and 2), is found to be that for a cone 


- ie of angular divergence, 68° 32’. The stress exterior to this cone is not zero, 


hy 


Proceedings, London Mathematical Soc., Vol. 1900, p. 23, and Vol. 34, 1902, 
= “Theory of Elasticity,” by Love, Se Second Edition, p. 

All these principles of dynamics are given in a precise compass in J. Coffin's 
 — ector Analysis:’; the paper by J. G. Leathem, St. John’s Coll., Cambridge, England, 
= nienial and Surface Integrals Used in Physics,’ gives a philosophical analysis, Cam- 


iE aspect of a deformable medium. 3 An insulator, in a similar manner, — 


energy distribution. This is illustrated in the procedure of q 
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according to the analysis, but a field of tensile, pressure, 
Fig, stresses according to Love. The stress at the vertex of the model — 
of Fig. 1 is undefined not determinate ‘as in the case of the 


of ‘ ‘molecules’ one-half th the at the vertex. ul The stress 


analogous mechanical set-ups exposed to similar fields. — On the other hand, _ 
the function should be finite for conductors of finite area a according to the — 
analysis given later. The Stirling type of procedure has no dynamical ol 
nificance and is merely roundabout procedure for deducing Boussinesq’s 
strictly rational analysis. _~Perry’s elementary mechanics™ is easier to follow 
the elaborate details of the report. fis 
«dt is probably | correct enough, but appears a little uncommon to refer to 
4% radiation of pressure from a load source” in the sense that stress is a mani a 
; festation of energy distributed radially into space as a ‘a result of a change 


density against type of radiation, however, is not realized 


in the Committee’s model; for the 60° molecular inclines the distribution 
. is radial; i in general, the strain energy is transmitted through. the “molecules” 
| in many zig-zag lines composed | of numerous small “tacks” pieced a 


The ‘distribution recommended by ‘Love e, on the contrary, is wholly radial, 
“the resultant stress or ‘radiation” being, pt 


the re 
is stated in report ‘that “the pressure distributions os 


independent of the type of material and involve no elastic constants”. 


"statement « can only apply, as the writer remarks in a ious discussion 


It is not true for the vertical pressure i in the Committee’ 8 sate siti 3 It 
ie ‘not true generally either for the Committee’ 8 or for. Love’s treatment, * 
as, for example, in the special instances: of the computation of ‘lateral 
“sures and stresses on planes other than the horizontal. pressure 
distribution not only will depend ‘on the dimensions of “the loaded | body, 
as shown experimentally by A T. Goldbeck, M. Am. Soe. 0. E. mi it depends oan 


‘well upon the nature of the transmission material as defined by its several ne 


Committee posits frictional resistance between the rollers 
to prevent. lateral motion” without , however, providing for the mathematical 


Jaw of transmission of friction. It ignores the possibility of cohesion. ~The 
late William Cain,” M. Am. Soc. C. E. showed that: these “factors: should 
“Theory of Elasticity,” by A. E. H. Love, Second Dp. 189; 
15 of Perry’s “Mechanics” for simple treatment. 

56 Proceedings, Am. Soc. C. E., May, 1932, p. 778. ral 
“American Highways,” Pt. IV, Chapter 1, p. 17, 192 25. 
“Barth Pressures, Walls and Bins,” Cain, 1916, see Chapters 1 and 5. 
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GRIFFITH ‘EARTHS AND FOUNDATIONS 


"properly be taken into account in a theory of earth transmission, , Or otherwise 
provided for, as illustrated in his generalized Rankine e theory and confirmed - 
_ experimentally in the case of Cain’s tests. In pulling a pile or a tree. stm 
from the ground not only must frictional and cohesional resistances be con- 
sidered but they must be considered in the ease of matters such as clay, ‘= 
shale, or rock ; obviously, the formula based on Stirling could scarcely differ- 
tint, the disparate behaviors which would occur, calling for: moduli or 

other transmission coefficients. _ In fact, the tests considered in early reports 
are for this purpose. The model will p pull: apart under an upward 
acting load suffering a mechanical discontinuity of the structure. Equa- _ 
tion (47), on the other hand, is” strictly applicable to the cases of either — 


positive, negative, or imaginary loads, As long as there are no 


‘discontinuities experienced to modify the actual structure of the medium 
Equation (47) deduced from. Boussinesq’ s general potential theory,” while 
implicitly considering cohesion and friction avoids the necessity of an explicit 


mention of these factors. ‘They are found deductively w when desired. 
gore avoid the types of ‘anomalies and incongruities cited, and others men- 


tioned later, is important that engineers" should adopt in its 
a Boussinesq’ 8 algorithm from the classical dynamics for. dealing with « earth- 


resistance formulations rather 1 than seek for molecular theories for this— 


! purpose created with respect to » the algorithm to support the arguments, but — 
: having 1 no scientific significance. In the case of a mixed or “mongrel” ” theory, 
part algebraic, part dynamical, it will be impossible in conformity with the 


doctrine of correspondence (Bohr) for. the algebraic theory, 0 or vice sim 
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tions. As an illustration, ‘the Stirling algebraic type of formula (Equation 

the report) for example, cannot merge with Dr. Terzaghi’s hydro- 
dynamical type, ‘such as Equatiaon (18), or Professor Gilboy’s formula, 

a _Kv?u=—. Ina true dynamical expression there is this m merging in transi- 

tional | cases. Einstein’s theory merges with that of Newton. ‘The equations 

of motion to rest when there is no acceleration; the ‘theory. of viscosity 

reduces to that of perfect liquids under : appropriate conditions, ete. “Boussi-- e 

vate nesq’s formulations have this continuous variational property. His treatises 


and shorter papers in the Comptes Rendus des Academie des Sciences, Paris, 
give the: logical analytical dynamics between Love's Theory of ‘Elasticity’ 


and Lamb’s “Hydrodynamics, complementing the theory of viscosity. As 
engineers | long ago adopted the theories of de Saint Venant as applied to 


497 


frameworks and beams, they cannot do better than adopt the logical 


tinuation of de ‘Saint Venant’s analyses. by his successor and most ‘distin- 


All the problems of earth resistance involving infinitesimal strains are 


solved directly and expeditiously by -Boussinesq’s dynamics of “the 


_ 8 Boussinesq’s complete theory is contained in his “Application des Potentiels * * *, . 
Paris, 1885, and the “Essai Theorique sur L’Equilibre des Massifs Pulverulents * = . va 
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than any other method, provided the earth is isotropic or quasi- 
isotropic. For the case of large strains, Taylor’s expansion is the logical and 
_ only method of analytical | continuation. Boussinesq” used the Maclaurin - 


a case of the Taylor _His theory for large 


formulas for values of the slenderness ratios, 

Boussinesq’ s bar a will be applied to the cases of the report to illustrate 

logical consistency, flexibility, and mathematical rigor. Referring to the 

Committee’s Figs. 8, 9, 16, 17, and 35 to 39, inclusive, all the phenomena may 7 
te explained and formulated correctly in conformity with Boussinesq’s 
; analyses. ‘The laws for stress and displacement : along the axis i in Figs. 8 and 

9 are correct in form, but incorrect analytically. — ‘The same type of law 

to both since shears vanish along the axis. Boussinesg’ expression 


eee 


dx, dos and r is the 


ich, 6 = 


— 
on the surface 


The stress, varies as an ellipeoid or paraboloid 
(nearly), the maximum being on the axis and the stress vanishing on the rim - s 
of the body where there is a adjusting flow or easement under the tendency om : 
to infinite stress under : a nine edge. For an yd engineering ‘solution the 
-corre- 


mean oe of the loading s surface. A 


pret 


esirable by letting p p be variable 


practice. In Equation (49), 


"observations. Separate 
ending on the type ‘of earth. vis 


dep 


a, “Essai Theorique sur VEquilibre des Massifs Pulverulents * * * ,” par. J. Boussines 


“Theory of Blasticity,” by A. E. H. Love, Edition, p.190. 
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all the for this case made 
to date. Te il illustrate the general value, w plats to the bell- shaped 
by Moyer and Fehr, Goldbeck, Enger, , and others for both stress and 


of stress. "The: is on n the axis” under load. ‘The 
vanishes with the vector, r, becoming infinite on any horizontal | 
plane, z= below the ground surface. z is zero, the value of the § 


The so-called “pressure- “bulbs” are particular cases of the stress distributions — 


defined” by Anson Marston, Past- President, Am. Soc. C. E., for plane space 
= = when the diameters of rollers or wheels become infinite. ~ Such distributions” 


stress is determined. When infinite, the stress is 


are characteristic of the general potential theory for solids and liquids. The 
contours of the Committee’s Figs. 16 17 will ultimately smooth out ‘to 


circles, in conformity with de Saint Venant’ s theory ‘statistically equi- 
pollent systems’ and Boussinesq’ theory of “perturbations locales” ‘(local 


interference effects). curves: of ‘Figs. and 9 result directly from Equa-_ 


fora paren load. The correct t left. hand curve is fend when R is not token 


jis zero. 1 . For large strains, such as in the ¢ case of forest: -loams, sawdust, or 


“steel wool”, Equation (49) may be taken in the manner of Boussinesq’s 


4, 


5) nal = gih {: ite a 
= 


iiitegration exact than that ge point loads. 


_ used must be convergent, but the equations of physics ‘usually. converge. ei | 


te Fis, as: As several misunderstandings have arisen from time to time in the dis- 


cussions relative to Boussinesq’ s s formula, Equation 4D, or, pz = —— cos’ 0, 


a bey of the report, the following information will aid in its applications to the 
a f different earth formations. TI for b 
cases 0 different eart ormations. The original orm as submitted 


ce Bureau of Standards in 1917 to the Special Committee (of f the Society 


a 


on the Bearing Value of Soils. for Foundations, ete., was, 
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Transactions, Am. Soc. C. EB. , Vol. (1894), p. 278. 
dex “Newtonian Potential,” by Benjamin Peirce, 1902, p. 187. ton ab 
“Theory of Elasticity,” by A. E. H. Love, Second Edition, 

et _—-& Proceedings, Am. Soc. for Testing Materials, Vol. 17, 1917, p. 650. Wield eal 


7 | Proceedings, Am. Soc. C. August, 1920, and p. 982, 
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he ¢ , the constant ant of Boussinesq was wien Ein = 0.48, the volume of the 
| bell al surface of stress then being only about one-half the load, P. To o 
the criticisms | this" discrepancy and to obtain an exact rational 
formula ‘to apply to ‘different types of earths” the resultant radial stress” 


: If this stress is projected on the element, dx dy, of the plane, z= ¢, i 


directions, y, and for the pressure and shears, and chess | 


it satisfies. Moreover, the shears balaiice among themselves. and dy 


balances the load, P. The be taken fit the various 


tie ‘ stresses and shears the value of n is 5. The value, 8, is required to fit Gold- 

_ beck’s pressure | Curves. — Other values would be needed to fit Housel’s and 
Kogler and Scheidig’s ‘distributions. type of surface is certain to fit 
4 closely with any tests of this character on account of the three conditions 


experimental or analytical cases. For example, to fit Boussinesq’s 
& 


imposed o on it, ‘namely, satisfying the essential differential equation, always 

a be balancing the external load, P, and making the adjusting parameter, n. 
"7 _ Moreover, the v value, R., for t the radiation will apply to both small and and ayia 


Harry E. Am. Soc. O. (by letter)." —This excellent 
i” oy: report is one more step toward a a ‘better understanding and solution of many pe 


would s seem that many more experiments and many accurate determina- 


ae | tions of the causes of settlement of structures | must be made before a generally ; 
i useful procedure can b be developed, owing to the endless number of f kinds « of B: 
and conditions under which they are to be found and used. 


writer is much interested in the | “Simplified Example of Pressure 

Distribution and Consolidation” . The Committee states that the analysis is 
of an actual case of a a large building erected upon the deposit of the Charles’ be 


River Basin, near Boston, Mass. 


} Having] had considerable to , do with the design of this building, and noting 
some of the assumptions | as to the soils” and foundations were not 
accurately stated, the following modifications are submitted with a feeling a2 
that such important example should be correct in every w way, be of 


Referring to Fig. 14, the soils under the foundations are more 
= the following: 10 to 22 ft of black muck and silt; 14 to 13 ft of sand 2 


7 
Associate with Charles T. Main, Inc., Cons. Engrs., Boston, Mass, 
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Discussions 
ond gravels 65 ft of clay, mostly sc soft ; ;and 9 to 25 ft of boulder clay above the 


The Committee states further that “the building» was placed up upon piles 


‘driven into the Chay! The record of f the pile-driving shows that 


more than one-half the heavily loaded piers, ‘supporting the dome and sur- 
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Tee. 63. —Srcrion THROUGH BorINGS, SHOWING SOIL AND LENGTHS OF PILES 


_ rounding s structure, are carried by piles which | were driven: \ into, and stopped 
in, the glacial gravel and ‘sand—never having reached the clay. These were 
ny the only piles to be driven to practical refusal. A vertical section through the 

a e ~ soil and Piles drawn on the long axis of the building is , shown in Fig. 63. 
20 assumption made in the report is that driving piles into clay com- 


remoulds the the: — penetrated the piles, and such 
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assumption was made in the case of this eon assumption can 


| not be correct for all kinds, of clays, or or for similar clays having different quan- 
tities of water content or different surcharge pressures and different 
hydraulic- -head conditions. The writer doubts if it is true, even under the 
{ conditions noted in the “Example”. The clay under this “Example” was 


found to be medium directly under the thicker parts of the glacial sand and r 
gravel, but below that, it was soft, and very soft under all parts of the 


Under the other buildings of this gr group, the clay was found to be medium, © 7 
‘resulting in much less settlement. This building is not, therefore, “typical” 
as stated in “connection with Figs. 16 and 17, but is special in this site. 
i ——Referring to Fig. 17, it will be noticed that the settlements are quite uniform 
about the center of the dome structure (having large piers), being pon 
"greater at the center, as would be expected. Keeping ‘in mind that actually 
_ a. one-half this structure is supported on Piles re resting in the glacial sand — 
alone, and about one-half resting in the clay, it is interesting to note a. 


the settlement diagram, Fig. 17, gives no indications of any difference in the 


character of supports. 


 oi&of driving piles into th the clay completely remoulded the clay ar around them 
it is is quite « certain that one part of the building would have settled more than 

; the other. In the original design of the | foundations, a difference was made 

in the loading to be given piles» which were stopped in sand from those 

driven into the clay. Those in a the clay w were designed for about 40% less" 

- —} load than those in the sand. It \ ‘was assumed that those resting in the sand 

would | have the loads “spread and distributed so that the additional lew 4 


| _ - applied to ‘the « clay p per square foot would be » about the s same under both, and 

would produce an equal s settlement. Fig. 17 seems to confirm the 


oe a T he design of the piling did not allow for an additional weaken in the 
a clay from the so- recalled “remoulding” effect. large number of load 


-_ settlement tests, of ‘about ‘thirty days’ duration, were conducted before ‘the 
original design “was made. from which the different values for different 


aud Another building was construcied recently ‘upon! this: ‘same— ‘site 


‘Tt was found that. regardless of whether the piles were supported’ by the 


o or by the sand and gravel, the settlements were ¢ about it equal. The settlement 
the buildings surrounding the new building was about in., and 


5 
have medium clay under them while the e “Example” used i in n the a 


had soft clay u inder it. All the pile tests for the ne new building, 

-driving tests” load test, show quite clearly that no 
ore _ destructive remoulding took place i in the medium blue clay found at this site. a 
the ah, _ Regarding the stress distribution in soils by the equations of Boussinesq, a) 
writer would state that it is 8 difficult 1 to understand how the results can 
e equations apply only to 
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FROEHLICH ON Discussions 
‘The : manner in which clay is constructed in Nature, together with its 
- etamelidatiols by an overburden , produces laminations and construction which 


eit ot new palo add in agniblind 


O. K. (by Jetter)".— The example i in Fig. 1 1 of the re- 


‘port can be shown to give ‘Equations (1) to . (6) only if the balls, or r rollers, are 
replaced by tiers of beams (See Fig. 64(b)). The rollers and. balls give reel yw 


degree of accuracy, but of soils and their properties’ w will 


Hit baie gotquedl ud bhiverr ee tR 
abs 


i? 
a 
Zs 


“sure distributions. Frictional alone « cannot these radial 


pit 


An infinite number of pressure distributions is. possible i in a stack 


f rollers, the limits of which are shown in Fi ig. 65. ee or this” ‘reason. the — 
iy _ introductory examples are not wisely chosen; they, do not show the radial 


spread which i is particularly ‘characteristic of pressure distribution in ‘soil. 


32} 


Fi 65. —Pressvne DISTRIBUTIONS IN Baama AND m a SoLiD Mass yi 


| Referring 1 to Figs, 4 and 5 of the report it is. stated that “the assumption ia 
of a load. concentrated at a ‘point. makes it necessary to go some distance 
below the point of application of the load to obtain mae accurate results.” 


Received by t the Secretary, anne 
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November, 1938 FROEHLICH ON EARTHS AND 
The writer will stent. to derive expressions to determine the limits. of the 
“some distance. - Assuming that the Committee is ‘correct 
considering Boussinesq’ s law valid for the vertical normal ‘pressures 


Vere 
“the range of “some distance” from the load to ‘infinitely great distances, it 


pen would be possible to approach closer and closer : to the load, until, at a certain — . 
distance, one. suddenly. finds’ that elastic equilibrium is no longer possible. 


i: The limiting condition for a soil in which the cohesion factor, Pk, 18 constant 


and in which the angle, internal friction, be 
ao 


in which, and gs are the extreme at any point of the 


and (= sin equals a constant value. Equation (54) ‘defines 
the condition of plasticity according to Mohr. In the case of a loose sama 


itm _ Equation (55) ‘might be termed “Rankine’s” condition of plasticity for a . 
loose granular ‘mass | because it plays. an important part 


jen 


inally, there are m such as metals, noted for high of pe 
and low values of k. For such materials, the second term within the | bracket 7 


in Equation (54) may be a 


Equation (56) expresses the theory of plasticity in its most basic form us at 


Be de St. Venant. ft Neither Equations (64), (55), « or (56), 


second principal stress, “defined by the condition, o, > Dow 
years, von Mises” and Schleicher have introduced ‘more- general 


= 
condition of plasticity. in which the intermediate principal stress, o2, er 


purposes. Mohr’ (Equation (54)) seems to be 


suficiently general. Consider ‘a. vertical concentrated load, P,. acting at 


‘point on the surface of an infinite mass with given values. of k, and 


‘Tet the vertical downward line in which 4 acts, be the axis, and let 3 its point 
of application be the pole of a system of polar co- ordinates r, At any be 
“depth, 2, below the surface, ‘the three stresses may be After 
applying the load, P, the three stresses at the ‘point, be by, 


Lime, - 


eee a Mechanics of the Plastic State of Matter,” by A. Nadai, N. Y. and 


“Mechanik i der plastigchen von Kristallen,” Zeitschrift 
angewandte Mathematik und Mechanik, 1928. 
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equal to 0.5, which is to constancy of 
rt: of plasticity as given by Equation (54) with Equations (87) and q 
ae (58), and using the expression, z z= rcos &, | a curve equation results between 
or and % defining the zone within which plastic flow takes place and for 


region the Boussinesq equations are no longer — is, 


- 008 + 2 cos 9) 
The value of 1 r for which ‘the no longer applicable is a function 0 of 
the properties of the soil, the amount of the load, P, and the angle, e - Most 
experiments have been made in cohesionless sand = 0); the condition 


= 
expressed by ‘Equation (59), with this value, becomes: 


tet In similar fashion a plasticity condition | equation for the two-dimensio 


problem with surface load, po, may be derived, and a limiting - value, po, may 


a be found which the surface load, Poy’ must iat epenl if valid readings are to be 


found near the surface. e. This value is, 


cation of P as the e¢ center, within which plastic flo flow ‘takes place. on on | 
onal 


= 


a 


Fig. 8 of the report the P= drawn, 
no points of inflection exist in the equations. The question of the 
determination of valid readings within the plastic zone has been 


by the writer elsewhere.” ‘a dal Sat 
‘Referring to Equation (18) of the report, a dimensional equation shows 


the coefficient ‘consolidation may be outlined as ¢ = _ The 


correct definition, dimensions y, of the coefficient should read “area divided 


by time” and not, as expressed in the report, “centimeters per minute,’ ; ow 7 


dime sionally, “length per unit of time” Equation (15) of the report should 

therefore, be replaced by the following: ¢ = — 6), in which, 


denotes the 1 unit t weight of the liquid filling the iit of the clay (water) ; 
ala mf symbols in this definition equation are to be expressed either in “true” 


ee or in| “reduced” un units of length. Fortunately, the determination of c is not : 


ally based on n this equation, but on Equation (33), of ‘the 3 report, which 
ho represents one- -half the reduced thickness of the clay sample. 
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However to obtain identical results, when using ‘the ‘two possible 


methods of determining the value of c, ¢, the foregoing corrections of Equation 


‘The computation of the true settlements appears to be u unaffected by the 


use of « either true or “reduced” lengths, which may be: shown as follows: U sing 


: 
the true value h, he “true” 
l+e nation, wit ad abit 
ho (e - However, since 


8 = 8", 5 confirming the conclusion as as to the equivalence 


‘of th the in true or reduced t units of length. 

The complete process of consolidation is well demonstrated by the voids- 
ae “pressure diagram in which the load, p, on the clay sample, equals the 
vertical principal stress, Ox No reference was made i in the report concerning : 


the remaining two principal stresses, and Os both. of which are horizontal. 
Because of symmetry, may be v written equal to as. A means of determining 


ara, 
the horizontal principal | pressure, has been published elsewhere, in which 
ratio, K = is introduced a value 0.70 for yellow residual clay 


and 0.75 for blue marine clay. ) This factor, K, termed the “coefficient of the 


pressure at rest,” can be determined from the constants of elastic isotropic 


in which, m is the reciprocal of the Poisson ratio. (A value, m = 2, denotes 
an material. Applying (61) to the aforementioned 


from the value, m ry pce be taken as a proof that ‘pressure 
distribution i in the elastic part ¢ of the clay at some ¢ distance from ‘the load | 

ust follow, approximately, Boussinesq’ 8 law. Tide 
_ The consolidation of clay is sometimes - referred to as a phenomenon of 


a plastic flow. It should be: , noted, however, that by the theory of plasticity y plas- r 
tie flow is. defined by a condition plasticity. In the case of lay it 


in which a load is being ‘applied ve very ry suddenly so nig gi a. 
sae speaking, has not begun at the time the load is removed (as in me SG 
whe: 
vads) ; and (2) the case in 1 which the load i is applied quite e slowly » and during 
a ‘relatively long period, $0 that consolidation may take place (as in tests by 
means” of consolidation apparatus). It can be shown that the condition 


representing plasticity f or Case (1) may be written, Com 


News-Record, Vol. No. 20, ‘November ‘2, 1925, Dp. 798. 
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‘to explain it terms of the ‘existing thaoty of “Nevertheless, 
ean be shown that the condition of plasticity | expressed by "Equation (63) is 
applicable to the action of the hydrody namic excess, w= = p” — p’, and leads 

to a state of equilibrium it in the solid clay mass defined by ‘the factors, pk ; and 


course of the plastic flow; from to Equation (62) can to 
foundation problems, in which consolidation in a vertical direction ‘his 
lateral flow of the clay occur simultaneously. A practical example of this 
‘combined process. is presented : as Case F in the report of the Committee, i 

which the difference between ‘the computed settlement curves and the curves — 
actually observed i is explained by referring to the influence of the lateral flow 
of the soil. The criterion for lateral flow under an evenly distributed load 


can be ‘represented by the following’ equation, : 


rey Part Po (critical)> — 


T 


in which, vy is the unit weight of. the soil; pr is 0 cohesion of the e clay layer 


en Equation. (64) shows that the danger of lateral flow varies 3 inversely 


as the sum of the cohesion and the original pressure in the soil at the level | 
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, SIGVALD JOHANNESSON, 


dane oes: ii 


“capacity, is “afforded this paper. The writer agrees with Mr, 
7 data and conclusions i in all respects except as to the influence of curb parking: a 
ve Some of the results of a survey, in 1932, of the parking situation in the 
Central Business District of Los Angeles, Calif., m may be of value in deter- 
‘mining. the "extent which street capacity is reduced by. permitting 
parking i in the lane next the curb. : In this District about 37.7 %. of the total 
curb length is available for curb parking by private machines, — Computed — 
ona 1 basis of 19.5 ft per car, there is room. to park 31 000 cars at. the curb — 
during | a business day. _ The hours during: which parking is permitted for 


a 45-min period are from 8: ; 00 A. M. to 4 4: 30 P. M. - This gives 31 000 + car-— 


periods. The: writer is aware that 18 ft p per car is “™ generally. accepted curb” 
assigned to each car, , but 2 a series of about, 1 500 ; made 


actual count, the number of car- utilized at. the curb during the 
day was 29 000. ‘This discrepancy i is caused by the fact that on ‘the outskirts 
of the Central Business District, the curb i is not utilized to its full capacity. 

However, by, actual count, the number of cars parked, was 20 000+ a oe 


| 


000 cars, due to the fact that 5 000+, or 25%, remained ‘hee one 


or more, periods, used the space which might haya been occupied by 29 000 


During the progress of the parking survey ‘Ghich extended over a. period 
. of several months) attention was given. to the utilization, of off- street parking | a 


with results as shown i in Table 15. vlan 
turnover in each | case, was found by contacting ‘the proprietor and 


spam ha Bi of the parking garage, station, or lot. When a car is parked i ina 


_.  Notm.—The paper by Hawley S. Simpson, Assoc, M. Am. Soc.:C. E., was published in a 


= expressed may be brought before all members for further Geenssion. [Be 


_ August, 1933, Proceedings. This discussion is printed in Proceedings in order that the 
*Los Angeles, Calif... 
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ia 

O. Tuomas”, Eso. (by letter)”*—A timely emphasis o e tact that 

— 

| 
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garage, it is assumed that it is the intention of the owner to Yeas! it a 


_ throughout the day. That leaves the public and private open-air lots to care 


_ for the transient trade. The writer will concern himself only with the public 
| on euthoeity, that a daily turnover of 5.0 is 


AGE AND Va Business 


ef 4 
ae Disratcr, Los ANGELES, Cattrornta. 


automobile parks............ 306 769 1.224 
Private automobile parks........ 998 | 531 0.632 


not unreasonable to assume and that this figure can be e easily reached by the 
- average parking lot. Thus, with a capacity of 33 000, the parking lots could ~ 


bran 


4 - The writer has gone into this subject at ‘such length in order to provide 
we a basis for the claim that it is not absolutely n necessary, as it is frequently — 
n a held, to destroy the « capacity of the city streets i in order to extend privilege _ 
7 to a favored few. It t appears from the foregoing that the 20 000 cars aod 
r - actually park at the curb during the average day could be adequately ‘eared 
for by the parking lots. It was observed that although the total daily turnover - 
was slightly more than the capacity of the lots, there was no time during 
the day when the lots were filled to anywhere near their rated capacity. ~The - 


useless waste of space is tremendous. 
‘In the Central Business District of Los Angeles, ‘the streets are from 


rae 60 to 80 ft wide. If parking is allowed on two sides of the street, the effective | 
: width is cut to from 40 to 60 ft. ‘Then, if a right of ina provided for 
two lines of street- “car ‘tracks the situation arises: At: any time | 


= and the street car on the other. It is impossible for them 

using the other side of the street. appears, therefore, ‘that when 


o street cars are i in a block on which parking i is allowed, the private machines 


ock ‘are necessarily limited i in speed ‘td the rate of travel of - 
the street car. . Consequently, Mr. Simpson’s estimate of 5% as the reduction 
Age o of capacity of ‘the lane next the line of parked cars is too low; it should be 


also using that blo 


el, 


£a6 

80, or even as much as 40 per ‘cent. ‘Investigation along this line should 


‘not necessary, since parking lots are capable caring for the ‘relatively 
small: percentage (about 20% of the total number of cars parked) of cars 


it lessens the the s streets to an alarming cient; it is 
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the curb; and, finally, the privilege i is gravely abused, since out ry 
a ee usage of 29 000 car-periods, only 15 000 cars, or sli 


are of and 


consulted by every 7 body prior to the drafting of a traffic 


vi 

3 SiavaLp JOHANNESSON,” M. Am. Soo. C. (by letter)”*.— —It ia evident 
that. the author has made a careful study of available evidence in in preparing " 
this paper. An important statement in it is that “the passenger capacity of | 
a city street is of much greater social importance than its vehicle capacity.” 

_ The indication is that the passenger capacity of a ‘street: is far greater 


when street cars are used for than when the | passengers are an 


bie, buses, ‘and street cars. It might be worth while in this connection ~ i. 
to consider, also, the bicycle. The “operating area” of a bicycle, using — ° 


- author’ s method of determining this area, may be taken to be 5280 x 8 xX 3 a 


IS 


= 24 sq. ft, as ‘compared with 69 sq ft for the street car. On this basis the = : 
~passenger capacity of a street would be nearly three times. as great when 
bieyeles are used for transportation as when street cars are used for this 
purpose. The question remains, however, whether the general public would ib 
— favor the use of bicycles in city streets to the complete or partial exclusion __ 
of automobiles, just as the question remains , whether it favors. the use of — 
street cars to the complete or partial exclusion of automobiles. 


‘The title of mend that only discussed. a 


“necessary also to consider the time element. 


~ Outside his working hours the value of a man’s time is that which he 
himself chooses to place upon it, according to his desire and ability 1 to pay. 
Tf he does not consider his free time to have ¢ any money value, then, within 


= limits, the most economical | means of transportation is walking. This 


mare 


places where ready cas walking as a means of 
transportation, say, within a radius of 3 or perry is not generally accepted a 

as formerly is principally, that people prefer to: save transportation time and 
are able and willing to pay for this saving. For example, a 


@ within 2 miles of his place of business could walk this distance i in 30 min, but 
- prefers 1 to take ay street car, in which he can cover the distance in 10 min, me 
Saving 20 min for an outlay of perhaps cents for carfare, Under these 
circumstances. he’ considers, apparently, that the va lue of his’ own time is 
Designing Engr., State Highway Comm., Trenton, N. 
Received b the Secretary September 18, » 1938. 
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means of transportation \ was once is still largely, used in 
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ON USE AND CAPACITY. OF OF STREETS 
As a rule, the general public places a money value on time and for 
reason desires reasonably fast transportation and “is willing to pay to 
obtain it. Quite properly the author: states that the. presence of street cars 
reduces tl the rate of of speed | at which automobiles ca: can be operated i in city streets, 
and an estimate may readily be made. of. the m money value’ ‘ofthe time lost 


due to this reduction of speed. The important question, however, is ‘not 


whether street cars; buses, or automobiles afford the 


ther than speed of travel. The former can be obtained most readily by 
walking or bicycling, ‘and the latter by the use of automobiles’ ‘unimpeded 
We Crossy,” M. Ax. Soo. O. E. (by letter)**.—The writer has 

-- paper extremely interesting, and he considers it valuable for careful study : 
and reference. One of its ‘great merits lies in its of ideas for 
further discussion and development. RS gous 

In the “Synopsis,” Mr, ‘Simpson points ow out that street proj- 

> tis as well as traffic regulation plans should be developed so as to facilitate 

- the movement of private aswell as public vehicles to the greatest possible 
extent. Later, under the heading, “Introduction,” she defends his view that 

a the passenger capacity of 3 a — street is of much: greater social importance 
eanin of Street Capacity.” 

¥ yc ay views s have always been. toward freedom of action of the indi- 
vidual, including probably | the individual in his motor. car. | Whether the 
National Industrial Recovery Act (NRA) will bring. about a _permanent 

¥ change of this ideal remains seen. For the present, however, ideas 
concerning passenger and vehicle rights, such. as. the preceding, invite care- 


Pity ne as to their general acceptance, with or, without modifications. 


_ Among the “Factors Affecting Capacity of Multiple- -Lane Surface Streets,” 
Mr Simpson mentions bus | traffic as. a major one. This brings to mind 
ow one can walk. up. p Fifth Avenue, in New York City, from 30th to 55th 


‘the effect. of the buses on the other traffic seems. to. be greater than that 
a by the author. The allowances s suggested for. the reductions in 


hd capacities by turns and by parking are at | least, conservative and perhaps 


should be doubled. Haw vile vi dead 


alq 
a . _ Mr. Simpson | under- estimates the reduction of street: capacities for motors 


a by the presence of street. cars. ‘under ordinary conditions, LA statement that 
_ deserves emphasis is (see “Measures for Traffic Relief”). that. when the time 

comes: for considering new street, facilities, "ordinarily, ‘new, and widened 
ef _ streets are offered as the.solution. It is true as the author points out — 


om 
the traffic relief; but in 1 that. case the, writer does not 


— 


that provisions for ‘mass transportation” are always indicated... 
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Streets, or. beyond, more quickly than one can travel by. _ In this case, 
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pember, 1983 Lewis ON USE AND CAPACITY OF ory “STREETS 


The writer agrees, generally, with t the advanced conclusions, ‘wut would 


suggest, with | respect to the last sentence under “Conclusion,” that the money 
expended should be in proportion to the social | and recreational importance, 


as well as the economic importance, of each type of vehicle in the city plan. _ 
Even when considering large cities, it must be admitted that people li live in = 


them, do not merely move from to work and back. 


M. Lewis,” M. Ax. Soc. E (by letter)™. paper ‘should 


of wehbe they can carry. "This has resulted largely ences the use of the term, 


“vehicles per hour,” as. the designation. of traffic capacity whether the figures 


actually Feprevented those passing within an the average rate of 


intensity of traffic for periods of less than one hour, 
Some of the lane capacity curves in ‘Fig. “1 are based on is assumption — 


‘that it would be possible to have traffic throughout a full hour of the inten- 
that has. been found for periods of few minutes. “It is just as 


‘illogical: ‘to consider. such short period ‘intensities as representing a possible 
hourly street capacity as it is to consider the tops of the waves the theoretical 
of the ocean. “Traffic ‘also moves in waves, and he who is trying 


determine the necessary’ width of a roadway should design it for something 
less than the intensity of a maximum wave of traffic. It is no more possible | 

to fill up up . the space between these v waves of traffic and still maintain rapid 
rates of f speed, than a it is to1 raise the ocean to the level of the tops of the waves. 

E The maximum number of vehicles that - may reasonably be expected to pass id 

: a given point within one full hour is’ a reasonable basis for determining the 


width of a street or thoroughfare. _ At special locations, such as busy inter- - 


sections and at the approaches or or exits to bridges ¢ or tunnels, those tral - 
which may be found over shorter periods | should be made a basis of local — 
Bee Bee ‘maximum number of vehicles that might be expected within “= 
15-min “period should furnish a basis for such designs, 
ae. Curve 9 in Fig. 1 was developed by the Regional Plan of New ork and — 
Its Environs, and is lower than the “others because was based ¢ on 
that | may be expected within a f a full hour and because of the more general i 
of four- -wheel brakes since it was developed. was resented i in the 


Plan report on on “Highway 


that a roadway with two or in each ‘direction would 
- lower | average lane capacities. The curve was based on observations made’ in 3 
of sp spacing between’ groups of vehicles. The universal use of four-wheel 
brakes since that time has made it safer for vehicles to drive closer together 


Cons. Engr. ; -Engr., ‘Regional. Plan Assoc., Inc., New York, N. Y. 
Received by the Secretary October 18,1938. bits 
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at ‘the which would tend. to decrease the in this curve 
at after it reached its peak. . Such a revision would uld make ‘it somewhat ‘similar 
in general shape to Curves 7 and 8, in Fig. 1.0 ud he 
7 an _ Mr. Simpson has given a value of 900 vehicles per lane per hour as ~< 
ae - capacity of a traffic lane devoted to straight-through movement on a surface q 
‘While it is undoubtedly possible for traffic to reach such values in 
«a ‘isolated cases, a better figure to use for the purpose of street t design is | 7 50 
vehicles p per lane per hour | on streets with two or three moving g lanes in each © 


direction. _ This is of the maximum of a single lane o on an 


During October and November, 1924, ‘the R Regional Plan Staff made a total 
— of 983 observations of the volume and speed of vehicles on typical streets in 3 
the - Borough of Manhattan. The velocity, including necessary stops for traffic, 7 


@ _ found to vary from 2 to 25 miles per hr. The weighted average of all 7 


= observations was: 113 miles hr, and it found that with 


1 1932, the Regional Plan Association made some traffic counts to deter- 


om nied the number of persons and vehicles entering Manhattan south of 59th he 
on a typical business In. this connection | a series of counts of 


persons per vehicle were made. They may be of interest as supplementin 


“TABLE 16. 


—Numser OF Persons PER Car IN VEHICLES, Excuse Buses, 


old Entering Mannarran OF 59TH: STREET. ON A TYPICAL Business Day 


On Avenues between 58th and 59th Streets: 


= 
Mr. ‘Simpson's figures... Such counts were made over half-hour periods and 


This same traffic count, , together 1 with statistics regularly kept for traffic 


‘Ss og figures for the City of New York comparable with those —— in Mr. Simp- 


included the drivers of the cars in. each case. The results are given in 


5 al ‘the ferries and bridges to Manhattan, has made it possible to compile 4 a 
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November, 1988 LEWIS ON USE AND CAPACITY OF orry STREETS —~) 
‘Table 14, ‘howing modes streets to jini from 
central business districts. Tt was found that of all persons ente entering Southern _ 
‘Manhattan across 59th Street, excluding railroad “passengers to the 
Central ‘Terminal, TA. 0% used transportation vehicles (buses, trolleys, or 
F rapid transit) and 26. 0% used other motor “vehicles (private cars, taxicabs, — 
TABLE 17. —Prrsoxs ENTERING Mannattan Soutu or 59TH Srreet, New 
‘York Crry, on A Typicat Business Day, IN Joe, 1932 


Me Means of transportation | 


By mass transportation vehicles (buses, trolleys, or rapid transit) | 1976 419° 
other vehicles (private cars, taxicabs, and trucks) 494 408 
Pedestrians on bridges and ferries 159 805 


railroad 180 


Total entering Southern Manhattan. . 791 812 
The modes" of transportation used by all persons” entering that part of 
“Manhattan ‘south of 59th Street, from all directions, on a a typical business 


day are as shown in Table 17. wi 
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WATER. POWER DEVELOPMENT OF THE 


‘MEssrs. THERON M. RIPLEY, W. S. ‘LEE, FRANK E. BONNER, 
-Rurus W. PUTNAM, JAMES W. RICKEY, WALTER M. SMITH, 


J . W. BEARDSLEY, AND L. F. HARZA 


M. M. Am. Soc. O. E. (by letter). considering 


- this paper the reader is left in almost as confused: a state ‘of mind as has 
- been the condition in the past from the reading of the various estimates he 


= 


over, all these various 1 reports. and ‘papers are devoted to ‘the 

_ estimated cost of the construction of ¢ one or other of the various plans, and : 
a “littl hing is said about thei fication. There has come — 
= ittle or ‘not ing is said about their economic justi cation ere has — ; 
oe 2 aa to the writer’s desk only one of these numerous reports that contained much — 7 


ee % — on t this question of economics and i in which the statement seemed — 
to be based on estimated figures of costs of p power rer delivered where t there might 


be some probability of its use, 


fe. ae “ad The “Report of the St. Lawrence Power + Development Commission Sub 


J anuary 15, 1931,” contains | an estimate of the cost steam generated in, 

contains, also, extensive tabulations of the « cost of electricity no now furnished 


to many up- State municipalities and to New York Ke 


‘and of St. Lawrence power transmitted to, New York and up-State — 


Marketing Board, after ‘submitting the aforementioned estimates and 


ey tabulations, completes its report: to the Commission with these words: Seven 


“A further source of electric development appears in railway electrifica- 


tion. It seems probable that within a ten-year period enough of the railroads 
of the State will be electrified to require 1 000 000 000 kilowatt-hours ‘pers 


Norg.—The paper by Daniel W. Mead, Hon. M. Am. Soc. C. E., was presented at the 


a _ Joint Meeting of the Power Division of the Society with the American Institute of Electrical (* 
es i Engineers and the Hydraulics Division of the American ae of Mechanical Engineers, a 
we _ Chicago, Ill., June 29, 1933, and was published in August, 1933, Proceedings. Discussion | _ 
on paper in Proceedings, as follows: Angust, 1933, T. Hogg, 


2 


Received the Secretary September 9, 1933. 
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PLEY ON ST. LAWRENCE POWER DEVELOPMENT 


; ed | “In view of the past increases in power osha and in view of the special © 
_ developments that are likely to take place, we conclude there will be an — 
market for St. Lawrence power and that there will be sufficient continuous — 
5 load to take the entire St. Lawrence output available to New York within: a 
There is no doubt but. ‘that ‘contracts for a large portion of all. of the 
Lawrence power ‘could be secured ‘providing said ‘contracts: were” on a 
we basis of guaranteed delivery, ‘with the resources of the State of New York 
ie With the knowledge that the report on the New York Plan was made 
wh, a Commission appointed by a Governor who was known to be sympathetic 
t to the proposition of the State developing its water ‘powers, and, further, in. 
view of the fact that the Commission was careful to confine itself to the 
realm of possibilities rather than probabilities, one js still left in doubt as 
to whether the ‘findings should be ‘accepted as conclusive economically or 
whether there were other social reasons conclusions 


at 


ees: for a less cnpuiiionas of time anid: money than by the development and 

» During the three decades that this problem | has been a subject of widest = 
“dieussion the cost of ‘producting electric. ‘power by steam has undergone 


radical in the following major lines: (a) ‘The development of steam 


turbines; (b) development of the mechanically fed boiler (which is best 
illustra ated by the change from a grimy man with a coal scoop to the white- os 
‘man.’ in front of an instrument board); Co) the construction of the 


3 writer believes ; is due i in a large measure to the > magnitude of the cadertihing: 
Tables and 2, Professor” Mead shows operating charges a and net 
income, The former is | based on capacity factor of 100% and, therefore, 
the power would have. to be used at the. point of ‘generation 
throughout the “year. J ustly,. the author was” not concerned with” 
be economics of power use ; “nevertheless, + this question must be a main issue at 
all, times. It is believed that no one is so optimistic as to believe ‘that 
1 000 000 ‘hp, even if available, “would be used along the banks of the St. ee 
_ Lawrence River in N. ew York State within any time that can be predicated. F ok 
The moment this power is put on the transmission line its quantity at 
‘receiving end diminishes and its price rises. is 
ne Relative, to whether ‘the Reconvened Plan, Plan, the 


New York Plan should be the one constructed, it would be interesting to 


learn ‘the_ estimated ‘value of. this power when distributed to those ‘parts 
of the Eastern United ‘States’ that would be able to utilize ‘it, and the cost | of 


generating steam power in the same communities, In making such an esti- 


s of use would a a major consideration. and a conservative ed a age 
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factor would have to be assumed for the estimate to be fair either to the 
= Lawrence power or to the steam power. Cab 
writer understands that steam-electric be produced to-day 
in the principal cities of New York State for a fraction of a cent per kilo-_ 
watt-hour and that mechanical and electrical engineers admit “that further 
economies are possible; in fact, they state that such economies will come. if 
steam-electric power can be put on the low- ‘tension bars for 8 or 4 mills per 
_kw- hr, it may be difficult for St. Lawrence power to compete with it over any 


long-distance t transmission and with a normal load factor. 

| Am. Soo. C. (by letter)"*.— —This paper is extremely 
interesting the American as well as to the Canadian 
Engineering Fraternity. The subject is very important and should not be 

_ criticized in an unfriendly manner by either one side or the other ; the 4 
‘a entire Engineering Profession should enter into this discussion in a spirit 
a of determining the best possible development that can be made. This develop- 

ment forms part of the boundary between two great “friendly. nations, and : 
they will always be mutually interested in it and will have friendly interest ; 

.. in one another. _ American engineers have too many friends in Canada and a 


vice versa for this matter to be discussed in any other way except for the best a 


“interests of all concerned therefore, any discussion that would t tend to > 
salghtan the situation before the public as well as the Engineering Profes- 


If this project is carefully studied (as. it should be) and properly developed _ 
t will be 4 great acomplishment. If it is poorly developed and mistakes are 

such mistakes will always, and the work will: be poor” 


urges the Engineering Profession to join in a ‘most careful ‘study of ‘the best > 
_ plans, in order to decide on the most « ‘economical and enduring <i 
_ struction, so that it may be not only a great : advantage to the two poonaremsil 7 


the embodiment of good engineering... bua n 


Frank E. Boner," M. ‘Am. Soo. C. E. (by letter)"*.— Proposals for the 
utilization, of the St. . Lawrence River present “several ‘complex. questions. 


; None i is more important to the people of the United States than that relating © 
to the merit of the single-stage plan as compared with the two-stage plan for -_ 
mprovement | of the International Section of the river for the combined pur- 2 


tap $ 
poses of “navigation and | power "production. . Professor Mead’s 8 paper reviews 
this issue with admirable sagacity and candor. 

The subject is of timely interest and ‘searching examination by. the: 
_ Engineering Profession constitutes a high public duty. ‘ Several years ago, 


while dealing with various plans presented to the Federal Power Commission 
for the developmen of the St. Lawrence, the writer became ieee 


Pres, W. S. Lee Eng. Corp., Cons. Engrs., Charlotte, N. 
Received by the Secretary September 5, 1933. 
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program be guided by professional politicians rather than by competent 
4 engineers. It is true, of course, that some other elements must be _ considered, - i 
but, primarily, the entire problem is one of engineering in its broadest aspects. — 


- stil If the St. Lawrence project is to be launched in the near future by “se 


- effort . of the two nations, it is vital that the partnership be ergs on complete 


‘Preliminary negotiations of the past decade (199: 
that the chief item of disagreement concerns the single-stage plan’ advocated — 
by representatives of the United States versus the two-stage plan preferred by 
the Canadians. _ The precipitate acceptance of the Canadian contention in 7 
1932 without adequate: explanation naturally provokes a question as to 
: chutes the surrender might have been influenced by some temporary political 
expediency, or whether ‘compensating - advantages have been granted the 
United ‘States in other respects. A satisfactory showing that the proposed 
treaty, does not , impose inequitable burdens on the United States should be a 


“necessary pr prerequisite to . unconditional ratification by the Senate. ty OAT Stor 
Professor Mead’s analysis clearly demonstrates that the single- bit de- 
velopment is far ‘more favorable than the other from the standpoint of 
the United States. . The original cost will be about $40 000 000 less than the 
cost of the two-stage plan while at the > same time power production is in- 
~ ereased, operation costs are reduced, and navigation is served fully as s well. “The 
© modified single-stage plan proposed by the State of New York offers promise ; 
even larger advantages, but because of uncertainty as to whether the 
estimates are. strictly comparable, definite appraisal cannot be made with | 
- assurance. _ However, i in view of the high ‘standing of the engineers responsible 
for the New York 1 plan, it may safely be assumed that the single-stage plan 


considered by the J oint Board ca further with 


rather vague and indefinite. they relate mainly to prejudice 
against marginal flowage and fear by some interests of aggravating ice 
“conditions along the lower ‘iver. _ Although sentiment favoring the two-stage 
plan may be of sufficient weight to | justify preference for the more a 
development by ‘Canada, it is not evident that the actuating factors are of 
_ such a character ‘as to warrant the United wre assuming a putty increased a 
? If early of the St. Lawrence is more urgently needed by the 
"economic ; requirements of the United States it might be desirable to under- 
a take more than a “proportionate § share of the obligations in order to expedite 


Apparently, ‘however, such is not the ¢ case. Available informa- 
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tion shows no pressing need for proceeding with the ‘project at. present in ~ 
far: ‘as the United States is concerned. Doubtless, ‘it will be a desirable 


project will provide things—a new y transportation facility 
i anda a huge bloek of electric e1 energy. - These will be useful only - to the extent 
‘is that they may either ‘supply requirements which cannot be met by present 
equipment or. furnish service at a sufficiently. lower cost to displace existing 
 Gamgabitiore. facilities to the general public benefit. Active. agitation for the 
Lawrence Waterway began during the post- war period, ‘when existing 
transportation systems were heavily overloaded ; ; but the situation has com- 
pletely changed and there is now a. great surplus’ of transportation. The 
is true of electric power. Under the circumstances, the St. Lawrence 
project: will to meet the test of competition, and construction will be 
wl justified only when. it can serve much more economically than the facilities 

_ The navigation project involves considerably | more of course. than the 
vee included in Professor Mead’s summary, which i is confined to the Inter- 
national, Rapids Section. The. many ramifications of the entire navigation 
id enterprise > are too complex for more than | incidental ‘a attention in connection 

with the present discussion. It should be observed, however, that an outlay 
of several hundred million dollars will be required of. United. 
exclusive of extensive harbor. improvements, and. comprehensive analysis” 


“s ‘ae: that if tolls are placed. on, the traffic, as they o ught to be, sufficient to 


gover the i interest, maintenance, and operation charges, the venture offers 
little hope e of reducing - present charges for transportation between Lake » ports 


= a It i is realized that Professor. Mead’s analysis relating to cost and net income 


of ‘power production was intended merely for the purpose comparing the 
relative values of the different. development plans, but ‘it is possible that 


x method of presentation | “may y convey some misapprehension regarding ‘the 


margin 1 of profit possible from this feature of the ‘project. and may thus lead 


the conclusion that the ‘United ‘States can afford to deal generously with 


available output will be subject to considerable seasonal variation. 


‘Due to the combined effect of low. water and reduced head during the winter 


months, the production will be lowest at the time of highest demand in the 
me electric market. Under the circumstances | the continuous primary power will ‘fe 
beg represented k by the winter capability of the ‘generating plant. = da 


S Under natural conditions the. winter discharge from Lake Ontario occa- [) — 


ag 

diminishes to about 17 5 000 sec-ft' but, with the moderate regulation  — 

aa iiceae _ Planned, the flow will seldom fall below 190 000 sec-ft. Discharge of 200 000 4 tt 

3 a = sec- ft ‘may be ‘maintained approximately | 90% .of the time and for 64% of ?P 
3 


the ‘time 210 000 ‘sec- -ft would be available (50- year period, 1881-1930).* For or 


“The St. Lawrence Navigation and Power Project, ” np by the Inst., 1928. 
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of the time. In some years this wuld ited chiang 10 months of the year, 
but during dry eycles the discharge may be considerably less for as long ae 
consecutive ‘months. During the period, 1923-1927, the controlled flow 
would exceed 225 000 sec-ft in only 11 of the’ 60 months. In view of the 


_ irregularity of the higher flows it is clear that’ part of the potential power 


is of very poor quality and of doubtful usefulness. 
ur! Taking 76.4 ft as the average winter head (Barnhart Island Plan) and the — 
- discharge at 190 000 sec-ft, the dependable primary power will amount to 
1 402 158: hp. The secondary power of good quality. will be represented by “h 
that excess which may be | produced from up to 210 000 sec-ft. 
This: block may be estimated as. follows. 
‘proportional time elements, respectively, of ‘bas summer sateen (9 months), from 
- discharges of 200 000 to 210 000 sec-ft; (b) the winter power (3 months), 
discharges of 190 000 to 200 000 sec-ft; (c) the winter power 
discharges of 000 by 210 000 sec-ft. Then, from the foregoing 
to 
time percentages: = 0.75 
7, = 100+0.90 0.2375; and T, = ———— 


The good quality secondary power discharges up to , 210 000 sec- ft 
ole 1 (200 000 x 0.75 + 10 000° T:) + 76.4 (190.000 x 0. 
+ 10000 7, + 10000 7.)] x 0.096594 — 1 402 158 = (13 540 714.73 
3.843 508.28) 0. 096504 — “1.409158 = 977 054 hp (average). Similarly, 


(0.48 + 0. 08 0. 096594. = = 116 429 hp aaa ‘ 


The average is summarized i in Table 7. 
“TABLE 7.—AveERAGE ANNUAL PRODUCTION. 


"1339548 


that the cost of the , channel excavation, etc., useful and 
"necessary for both n navigation and will be. apportioned ‘50% to 
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will bring the total outlay to $164 9 976 200 or, say, $165 000 000, by the time ; 
the plant is ready for operation, The investment of the United “States. 


in the construction, therefore, may taken as $82 500 000. 
—* a annual cost of ‘the power development facilities of the United Grates, 


750 
ult Depreciation ($50 000 000, 33 yr; factor, 0. 0125)... 625 000 ait 
Operation and maintenance (60 cents per hp 
General expenses, legal and management (15 cents +; 


oF 


167 400 
aint 


by : 
some form of a public financed revenue bonds cand 
with obligation to pay | the customary Federal charges and State fees equiv. 

ae An important additional item of cost in a — developuient: of this 
x ‘kind arises from 1 the idle investment during the > years immediately succeeding 
completion while the market is being built up to the full capacity of the 
4 project. - Contracts for the Boulder Canyon power were negotiated on a basis 
of a 4-year absorption period, but it is now evident that a considerably longer 
time will be required for the growth and adjustments of the tributary markets 

‘to utilize the available output. In the report of the New York State Com- 
‘mission eight years was assumed as the absorption period” the St. 
as Lawrence power. On a account of possible savings by means of progressive 
- partial installation it seems reasonable to assume five years and estimate the 
added capital charge © to 1 the project by taking one-half the annual ¢ costs for 
- such period. ‘This amounts to $19 161 625 and increases the. total investment 
o at the time the | plant reaches full operation to $101 662 000. - Interest and 


amortization on the added capital charges i increase the annual caste to a total 


“al 


7 


One-half the will be available the ‘United States 


of approximately 20 000 sec- supplies the existing Massena Plant 
Be” aa and instead serving equivalent energy amounting to about 80 000 hp of peak and 


“Rept. of the St. Lawrence Power Development Comm. (State of New York), 
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en fe each. Power may be called upon to bear a heavier share of the burden, but | i 
for present purposes the more optimistic proration will be adopted. Interest 
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400 000 000 kw- hr per 
available for disposal is thus to 4 181 500 000 kw- At the sam me 
time, by crediting proportionate operation, maintenance, and other appropriate 
costs amounting to $207 800, the annual cost of the generating Project is 
Forecast of the probable revenue from the sale of power opens a 
¥ plicated subject which can be treated here in broad outline only. Obviously, — 
the > secondary power, if utilized at all, will have’ to be sold at very low 
- tates for. seasonal industrial purposes in the immediate locality of the plant. 
Under present conditions, such demand would be negligible, but eventually 
‘substantial fractions of these irregular energy blocks might be salvaged by . 


new industries attracted by low-cost power. The share of the United States 


© 


of th the > secondary output of good quality averages 905 250 000 kw-hr, and of 
the p poor quality blocks, 380 450 000 kw- hr. Disposal of 0% 0 of the former 


at t 1.0 mill and 50% of the latter at. 0.5 ‘mill would probably represent about 7 
the maximum expectation. — The ‘gross return on such basis would average 

‘The primary power production: will have to be marketed at high load 

factor” by wholesaling the large industries induc ced to: ‘migrate to the river, 

or by transmission to the distant metropolitan centers. . The Boston, 


Mass. , and | the Newark, N. J., Districts probably offer the most promising 


a prospects. — Transmission in either case would be about 325 miles. _ New York © 
a City could be reached with about the same length of line, but i in competition 
with local steam-generated energy the value of the imported power would be 
considerably less due to the costly underground cable facilities required for 
access to the city sub- stations. Present dimensions and characteristics of the 
~ of the Boston and Newark Districts might cause some question about 
the capacity. of. ‘these markets to utilize the St. Lawrence primary energy 
load at high load factor about ten years” hence, It is recognized that 
| the reputations of most authoritative prognosticators relative. to the a 


of load have suffered, during the few but 


sive vat 85% utilization factor and with minimum load factor of 80 per cent. This — 
the _ combination i imposes peaks about 6% in excess of the average primary output, 

but it is ‘considered that the resulting fluctuation of discharge would be 
within | permissible limits during the non- navigation ‘season and, under 
the x more severe requirements for constant flow durin gfe the summer, the varia- Bs. 

of "output could be accomplished without 

characteristics or or value. of the secondary power. 

may be 

factor will be 44 mills per kw-hr as developed by the report 
of the New ‘York State Commission.” This rate, therefore, represents the 


maximum ‘market value of the imported 1 power delivered at load centers. bora: 
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transmission of the yrimery ontpot of 4 181 500 000 kw-hr (407 340 
average kw) 1 with a utilization factor of 85%, load factor of 80%, and trans- 
the 87 Jo (line, 5%; 7 1% ; and synchronous 


capacity of 110 000 kw each. At $25 000 p per  cireuit- 


including right of the lines. will cost, $32 500 000. Terminal 


ewitching stations will: cost’ $7 500 000. more, thus pracy the 
investment in transmission facilities 000 000. The annual cost on an 


basis (interest, 5%; amortization, and depreciation, operation, and 


oF ae maintenance, 3%) will amount to’ $3 600 000, not including taxes which, if 4 
2:3 estimated at 1. 5% of the investment, would increase the total bigs win 
rs ne Steam stand- by, equivalent to 50% of the’ ‘delivery capacity, or 220 000 
kw, will be necessary ‘to assure reliability. of service comparable with local J 
production. ol If estimated at $80 1 per kw the investment will be $17 600 000 : 
and the annual cost, exclusive of taxes, $2 436 500 (interest, 5%; amortiza- a 


tion, 1%; depreciation, operation ‘maintenance, 25 


$725 000 return from 849 000 


ti ‘Total $14 749 500 $13: 885 500 


@ 


gs ee is “apparent from these general figures that in competition with equiv- 
alent local steam- plant. generation, at approximately 44 mills, the introduction 


of, ‘St. Lawrence power into the large metropolitan districts fails ‘to provide 
a very favorable possibility even though ‘the transmission ines, ‘sub- stations, 


and stand-by plants’ should be. relieved. of taxes. In any event, it will be 


st clear that there is no hope of of obtaining any large profits or extensive public 


benefits from the, enterprise. bed add vagy 


—— The alternative of endeavoring to market. the output in the immediate 


vicinity « of the generating plant: by building up large electro-chemical and 


electro: metallurgical works, largely speculative, seems to. _ offer 
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od closing of industries in peowe sections. “The feasibility will depend large a 
on the cheapness of the power rates. In order t to attract large industrial. - ia 
- load, it is doubtful whether the average rate ¢ can be higher than 24 mills 
kw- ($14.' 70 per average h hp). . Disposal of e primary output at tsuch 
_ rate, with 85% ‘utilization factor, would produce revenue of $7 997 119. This — 
_ would cover the generating cost by only a slender margin after taking credit e 
for the possible return of $725 000 from secondary power. 


4 3 - From the foregoing, it will be evident that the situation ellis no no assurance — 
‘ of power revenue i in excess of that needed to meet the bare carrying charges. Pp 
Substantial increase in the capital outlay as involved with the adoption 
“2 of the two-stage plan can easily thrust the project from the border line of 

feasibility into the outer zone of economic impractibility. Hence, 

7 the importance of this question of development plan to the United States 

a In | Canada, the situation. is different on account of large load centers reall 
10 close to the | power site. The extra cost of about $40 000 000 for the two- »-stage 

development i chargeable mostly to power facilities and would raise 
production costs approximately 25 per -eent. With such an increase, , the 
of the output would be extremely doubtful. Under the circum- 
; ‘stances, it would appear that | if the two-stage plan is is adopted, Canada, in all ae 

‘fairness,’ should be willing to assume additional cost. 

ar Rurus W. M. Am. “(by letter). 20, ‘made 

is B 2 this paper to a few ‘of the navigation aspects. of ‘the power developments 
under consideration ; furthermore, in the tables ‘showing comparative costs, 
ais items appear for costs of navigation features embodied in the three plans. 

nt This discussion ‘proposes to se set forth the writer’s views on the relative merits 

of these plans” for water-power development as affecting the navigation 


Factors: affecting the utilization of the waterway vessels include channel 


Channels. —As to channel widths, depths, and curvature, the same specifi- 
a cations have been followed in each plan and, therefore, 1 no differences exist. ¥ ‘: 
Plan A and Plan B are about equal as to length of restricted channel, but a 
have, a disadvantage compared with ‘Plan A ship will require 
an hour more to “navigate the channels available with ‘either the Crysler 
two-stage project, or the Barnhart single- stage Project, ‘than it will with the 
New York single-stage Assuming the ultimate 
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for i in and as 24 000 000 tons per year, with average cargoes 
5 000 tons per vessel, the vessel-hours lost would be 4 800. . Ati a cost of $30 
per hr the annual loss becomes $144 000, which, capitalized at 5%, represents 
capital advantage in favor of Plan C of $7 200 000. This represents a 


ae minimum loss based on capacity tonnage for Plans A or B, for if se 


average cargoes are assumed the number of vessel-hours lost increases pro- 


‘portionately, but the hourly vessel cost does not decrease in like proportion. — wl 
ail Lockages. —Plan A will, require | three lockages per trip per vessel, while _ 


Plans B and will rec require only It to of 


time of transit. The Joint Board of Engineers estimates the annual capacity 7 
; of | a single dock development at 24 000 000 tons, but places 1 that of an improve- 


ment involving a set of flight locks at 16. 000 000 tons per | year. ‘The ¢ average 
time of 1 hr per transit through a single lock, therefore, becomes for 

each lock in a set of flight locks. i For comparative purposes, ‘therefore, lock- 
are as follows: Plan A, 8 hr; Plan B, 2 hr; and, Plan hr. 


_ Using the same assumptions as to size and ¢ costs of vessels and annual 7 
of the waterway a as before, Plan B has a a ‘capitalized advantage of 
$7 200 000 as regards: Plans A C. Combining the capitalized value 


of lock delays with those involved in channel transit, it appears that Plan A ; 


entails a loss of $7 200 000 as compared with Plans B and C, while Plans B 


and are of equal value in these respects, 
Capac ity.—A further consideration involved is that of the ultimate capacity 
E : of the three projects which is 24 000 000 tons per year for Plans A and B, 
and 16 000 000 tons per year for projects” involving flight locks, ‘according 
to the report by the Joint Board of Engineers. Plan is followed, it will 
says be necessary to install a parallel flight of locks i in order to obtain the same 
capacity as that afforded by Plans A and B. This will involve an. expense q 
of between $7 000 000 and $8 00 000 000. A: _ As far as ice conditions and cross- a 


eurrents are concerned, it does n not appear any | of the plans” available 


any difference ex exists between ‘Plans A, B, and C. 
Summary. —The writer considers that, from the point of view v of the inter- 
= 


eS LJ sts of navigation alone, Plan B is superior to both Plans A and @ which ’ 


> 


da ames W. Rickey,” M, Am. Soo. C. E. (by letter). me «Engineers ar are under 
moral obligation to advise the public and to assist in forming an enlightened 


public opinion on such matters as the development of water power along the 


‘International Section of the St. Lawrence River, which they are 

author’s analysis points unmistakably to: conclusion that ‘the 


development of this section of the river in a single- -stage plan is superior in 


Chf. Hydr. Engr., Aluminum Co. of America, Pa. 
Received by the October 6, 19338. 9199" 
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ae ‘The records at the locks at Sault Ste. Marie bear out this conclusion. © ie 
Se si, The New York Plan (C) has two locks in fight, while the locks provided 
Plans A; R are senars ed _ snficientiv pve no added inf 
er 
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| qreey engineering : ampect to its development in a two-stage plan. This raises 

“= question as to why the two-stage plan was incorporated in the Treaty, now i 
1983) awaiting ratification. A study of the various reports appar- 

Lae 

_ ently provides the answer, namely, that an ‘agreement between the Canadian 


and the American Sections of the J J oint must be reached 


; increased cost of the two- -stage 
a It is vitally 1 necessary ‘that the people of both cow countries and ae 
sible representatives be fully acquainted with all the facts before adopting a 
plan for the public development | of ‘this great | National : resource. 


x factory navigation ‘facilities, 


{ prices in both 1 estimates | of cost, the ‘single-stage Plan B will be wie jong 
$04, 000 000 more and will cost about $38 000 000 less than the two- sage 
Plan A; and, that when similar comparison is made between Plan C and Plan 
the corresponding sums will be very much greater. Table Item 
No. 9, and Table 1, Item No. 18.) 
The author is to be congratulated highly upon his clear, unbiased analysis _ 
of the facts set forth i in the various published Government reports. | ‘The paper 
: and the discussion incident thereto should be of great assistance in securing — 


ofall early execution of this } uo ond in accordance with the best interests ss 


4 the ‘Sault Ste Marie Canal, ‘sitheush the class of boats p passing through it 
be quite different. As about 60% of the freight carried ‘through the 


&S 


I ” Canal is iron | ore, a type ‘of vessel not sufficiently strong for ocean 
, has been for this traffic. Therefore, conclusions « from 
Table 9 shows statistics of traffic through the “Soo” Canal 
some general conclusions may be drawn. It will be ‘seen from Table. 9(a), 
tem No. 11, for example, that i in 1929 in moderately heavy traffic the speed 7 
in the canal was about 2 miles per hr, whereas in Table 9(b), Item No. 23, 
oe it is shown that i in maximum traffic through | each lock it was from 0. 8 mile — 
“to, 1.4 miles per hr. Thus, it will be seen that as | traffic increases the | speed 
Ba cut down and all vessels lose more time in transit. wry canal at the “Soo” 


en two-way traffic. It will be seen that the average size of vessel in the 
“Soo” Canal i in 1929 was 6 250 dead weight tons (Table 9(a), Item No. 5, 
Acting Chr. ‘Engr. , State Dept. of Public Works and Bldgs, Div. 
Received by the Secretary October 12, 1983. 
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Column (6)); ‘therefore, this size of vessel will be used for a comparison in 


The Poe Lock at ‘the “S00” Canal is the same length as the. proposed 


. > locks or on the canal | being. discussed, but is 100 ft. wide instead of 80. ft as is 
— for, the locks question. It will be seen from Table 900), (Item 


Number of vessels 16 209 
| Total 36 355 | 50 590 508 | 101 316 698 
Average tonnage per lockage. l > 8800 
| Average tonnage per vessel. . i ae 
Average number of lockages per da 
Average time per lockage, in seconds. 
| Lift, in feet (approximately) 
j Average time in canal, in minutes 
Length of canal, including lockage, in miles 
Speed i in canal, in miles per hour 


1906 1918 nt 
Number of 9968 if 259 i 6 675 
80 
Total tonnage.” 43 083 490 55. 591 159 
Average tonnage per 7 400 
Average tonnage per vessel 4 300 
Average lockage per day fs 16 
Average time per lockage, in seconds f 2 071 
Average time through the canal. including}  _—_. 
lockage, in 
Speed in canal, in miles per hour..:.:...) 8. 
Tonnage per Year, for: 
25 854 000 
id 18 years ; P 27 480 000 | 34 600 000 
31 420 000 | 38 437 000 | 45 070000 | 
tires .«.| 35 592 000 | 56 635 000 | 49 467-000 
43 006 60 000 | 55 591 000 


No. 12, Column that 43 083 490 tons of freight passed through’ the Poe 
ee: Lock in . 19086, but it will be noticed that there was an average of 1.7 vessels 
per lockage, and making a correction for an average of only a ‘single vessel 

( of average size per lockage would give a traffic of about 26 000 000 ‘tons 7 
per year, which is ‘double the estimate: of the Joint’ Board of Engineers for 
the capacity through the locks in question, ‘as long as they are single locks. 

“ 5 It will also be seen that if there had been: open-water ‘approaches to the Poe 

Lock the capacity would be much higher because the’ average time per lockage 
only 34} min, which would give 42 lockages per day “mathematically 
: a be: possible, whereas the number was only 16, or about 40% of capacity. It will 
OR also be seen that it took 2 hr to navigate the 1} miles of canal, or ‘three and 
t through the lock. iw rows 

oo .. ~The data for the Davis and Sabin Locks are not comparable with the pro- 

posed locks. as ‘they ¢ are 1 300° ft long, they are the same width 


‘inerease in traffic in 
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dake steamers at the same time. It is ‘interesting, however, ' as showing what 
capacity may be reached in locking. No other canal in existence has ever 


passed more than 60% of the traffic of one of these locks. nes 
It will be noted that the | great traffic through the Poe Lock was in 1906 © 
Tong’ before either of of the other two locks were built, the Davis Lock having 
been put in commission in 1914 and the Sabin Lock in 1919. _ After the | 
of these two locks the passenger traffic was turned over to ‘the 
Poe “Lock and the two large locks turned over to freight traffic’ almost 
exclusively. Therefore, the 14 684 835, shown for the Poe Lock. in 1929, is 
Goes tonnage; in all other cases, it is dead weight tonnage. 


will be. noted that as the t tonnage from 43 000 000 to 14 700 
the time decreased 34. 5 to 22.8 min, and the in the canal 


Assume that passing ‘Places will be made i in the canal sufficiently 


~ close together for a vessel to pass from one to the other i ‘in ‘the same time as 


it takes | to go through the lock. In this case the mathematically possible  . 
: - maximum traffic would be 1 vessel « every 25 min through the lock; but every — 


vessel will be waiting one-half the time throughout its through | 


Assume next the existence of an ideal condition of a series of standard- - 7 
3 sized vessels, | 6 250 tons, moving with clock-like precision, one going through ” 
4 the lock every 25 min. This would give 58 lockages per day, or a car acity 
oft 58 xX 6 250 = 362 500 tons per day, or 132 000 000 tons per year. Ae 
_ sume also that i ‘it is possible to attain 33% of this tonnage as was done at - 
a the Poe Lock in 1906. It will then be seen that it is not the lock that is the 
- bottle-neck, but the canal. At the Poe Lock with a canal 300 ft wide, 
only an average speed of 0.8 mile per hr was attained in the canal; 
assume a speed of 1 mile per hr i in the canal. The upper canal at Crysler 
Island is 2.5 miles long and the lower one at Barnhart Island, 7.5 miles long 5 
a total length of 10 miles. 7 Therefore, it will take a vessel 11 hr, including 
time through 1c lockages, to get through the canal, = 
In the “Massena Point scheme there is a "proposed channel, . 450 ft wide, 
leading up to, the lock down | stream for 2 miles, and open lake navigation on _ 
the up-stream side so that vessels can come and go at open-river navigation 
seep except for the 2 miles, where the speed will have to be reduced some- : 
what, although vessels can pass at moderate speed. To pass, through the 
i fight of two locks having, a lift equal to the three locks in the other scheme 
will: require about 1 hr. This would give 24 lockages” per er day, or. 


x xX 6 250 = 150 000. tons per day, or 54 750 000 tons per year.. 


Pris? 

bottle-neck canal here, these locks can certainly pass more than canals’ 

E and locks in the Orysler Island Plan. _ The vessels approaching. these locks 
could certainly run 10 miles peril chr it in, ithe, open, ‘iver and at least 8 miles 
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pol It costs about $64 per hr to operate a a iim: of 6 250 tons; thus, the extra 
_ expense f for each vessel in the Crysler Island Plan will be $64 x 9 = $576 


: and 19 vessels will be $576 x 19 = $10 944 per day, or $10 944, x 365 
= $3 994 560 per year. This amount capitalized at 5% gives $79 891 200. 
“Therefore, u under the e foregoing assumptions, other things being equal, an § : 
additional expenditure of about. $80 000 000 would be justified on the 
_ Massena Point Plan over and above what the Crysler Island Plan ae 


‘ah In studying the : ednionbilite of building a sea-level or lock canal in 1906, | at 
the Board ‘d of Consulting Engineers for the Panama Canal estimated that the ff ay 
ep time it would require e a vessel < of the size used herein we would be from 8.6 [80 
hr for 10 vessels per day, to 11.1 hr for 30 vessels per day, to pass through $ 
the sea-level canal, with passing places 2.5 miles apart. The same size of fj C 
a vessel could pass through the 85-ft level lock canal, ‘including the six locks, JP! 
: in 9.5 hr for 10 vessels, and 10.0 hr for 30 vessels, per day. - This was a speed 


of from 7.7 to 7.1 miles pé per - hr in the lock canal, allowing 3 hr for lockage, | | 


and an average speed of from 5.7 to miles for 10 per day per x 
hour, with a an average of 30 vessels per day, “for the sea-level canal with 
passing places 2.5. miles apart. The for the two ,canals 2 
are given in Table 10. 4 puitiow 
TABLE 10. Nsions oF aNp Lock CaNa.s PROPOSED FOR 

rer ‘Item "+ level canal, in evel canal, in 


= It will be ‘noticed that even with only 12.4 of the 49. 7 miles of the lock 
canal, with a bottom width of less than 500 ft, the speed of vessels with 10 
vessels per day, including lockages, was 7.7 miles per hr, and for 30 vessels, 
71 miles per hr, in the canal. & wot q 


‘The high speed of vessels assumed for the lock canal at Panama is 


explained by the fact that 75% of the canal is 500 ft, or more, and 50%, | 

e 1 000 ft, or more, wide. Therefore, 50% of the distance is practically open-— 
Jake navigation. In channels 500 ft wide, vessels of the size herein assumed 
a pass each other at full speed. With channels 300 ft wide they can ‘pass: 

a at reduced speed | without s stopping; but at 200 ft, or less, in width one vessel 


have to stop and the other greatly reduce its speed. 


Even if. it is assumed that the vessels p assing through the canals in the 
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places, i it will each: vessel about 6. 5 hr to through the 10 Thin 


“the time lost will be valued at about $2 000 000, and ‘capitalised at 5%, about 


When the traffic is increased sufficiently to require an enlargement of the 
: canals and locks the capacity of the Massena Point Project can be doubled 
‘ approximately by building an additional flight of locks alongside the other 
at a cost. of about 10% of the cost of the _original of locks and 


solely for 1 navigation. is estimated at $21 138 000, , this 
$21 138 000 x 70% $14 796 600. 0. To increase the capacity the 
Crysler Project i the same proportion will require an increase of 
~ probably nearer 65%, a as the estimate of cost of work purely for navi- 
is $34 138 000, in cost would be $34 138 000 
= $22 189 700, or an increase of $7 393100. is | 
It is evident from the foregoing analysis’ that, other things being ah 
- the Massena Point Plan i is far preferable to the Crysler Island Project from 
a a standpoint of economy. In the Barnhart Island Project there is a moderate — 


critical study of the St. Lawrence River submitted 
; him for comparison, and has arranged his finding i in exceptionally convenient 
form: for ready reference. He states that his knowledge of the rapids of the 
: “Hier ‘is limited. ¥ He implies that there are phases of the problem other than — 
the « engineering ‘that should be considered. He also implies a compliment 
to the Canadian Government on account of its. policy of re- appointing the 
of its Commission, and, a criticism of the United States 
in ot following a similar policy Tf these implications had been — 
sated the Weiter would have agreed heartily. 
ie he report of the Deep Waterways Commission 1900)" relates specifically 
we to navigation ‘problems and | estimates of cost for channels, 21 and 30, ft 
deep. In that report, the writer discusses the geology of this section.” 
_ Broadly, the rapid St. Lawrence River flows. along a ridge and the sluggish | 
Grass River i in a valley, 50 ft lower and 3 miles distant. 


iri Ino one case while inspecting wash drill borings, the writer noted that the _ 


- overlying boulder clay was being penetrated with difficulty. The drill broke 


_ through it, and the following 70 ft in blue clay was drilled in about 30 min, 
as rapidly a as connections could be made. Similar formation was found 
| Meseeia Point and along the southeast shore of Cornwall Island. It was this y 


pee that caused the failure of one of the piers dusting the construction ce 
Received by the Secretary October 19, 1933. 
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Bridge. Tl [he foundations were on a th thin | 
‘halos of boulder. peter through which the increased. velocity | of the stream cut 
down: to the clay formation. Boulder clay, found previously when making 
sub-surface ¢ explorations, had been discovered resting on rock in place. To 
find i it ‘Testing on a considerable body of blue clay was a new experience to the 
writer—a condition. that may be explained secondary clay deposits a 
prior glacier had been bridged by the ice-cap of a subsequent: glacier. 
: vod another case, the formation of frazil in the forebay was creating an 
anchor. -ice barrier in the tail-race, which the head by one-half. During 
past years the northern water-power: companies have had considerable trouble 
in maintaining a free. ‘tail- “race: under such conditions—an_ 
continuous electrical service is financially necessary. O00 
de These facts have been stated to indicate that at: least several. 

critical observation of ‘the St. ‘Lawrence i is needed to estimate properly: the 
effects: of ice-jams, anchor ice, frazil, -_water-stages, ete., and to counteract 
them. — In general, the northeastern part of the United States is well | provided 
with electrical en energy. _ New electrical devices for household use are appearing 
- almost daily, and the various systems" are constantly soliciting consumers for 


m cir cle described about Massena Point as a a center, radius of 


ems with their subsidiaries 0 operating in n New York State 


a . a these three ‘ystems, the. Niagara Hudson s serves , the greater ar ares 


Gand probably. the greater. population, _ excluding New York City) the 
State and more definitely the northern half , including the area adjacent to 


a the St. Lawrence River. It is interconnected with systems serving - contiguous 
(4 territory. A few facts regarding that ‘system will illustrate the points: the 
More than 60% of the: total capacity of the Niagara. Hudson Company, 
695 000 ) kw), is in, water-power plants. The load factor. on ‘the day of 
maximum | demand - in 1932 was 78 per. cent, ‘ ‘The number of farms estimated 


_ within the franchise area is 74 374 (the total in _ the: State was 159 806 in 


19380) ; the number of farm consumers i is 27 184; or 38% of the farms in the 
area. The annual report to stockholders . (1932) shows an average 
- farm rate, in cents per kilowatt-hour, as follows: 1929 = = 7.384; 1930 = = @. 764; 


_ 1931 = 6.229; and 1932. = 6. 059. (The average rate for residenea customers 


was raieniterl reduced from 6.028 cents ‘per kw- hr in 1929 to. 4.658 cents in 


‘mission distribution ines, dhe: rate for ‘many of. remaining farms 
— electrical service would be considerably higher eve even if no charge were 


a em ors of ‘was 98300, and 


a. "dividends w were paid to the amount of $10 471 878, but reductions have been 
mat made in the 1933 ‘dividends. it seems: reasonable to assume | that many con- 


of all ‘classes a are holders of common stock, and that any compe 


— 


= | 


scot te 


| 


— 
tit 
jn 
in 
ca 
— 
at 
— mS 
ta 
— * 
ay 
— 
| 
— «| 
— 
— 
— 
— 
a 
— 
a 
— 
— 
— | 
— 


ns “November, 108% 1933 BEARDSLEY ON ST. LAWRENCE POWER DEVELOPMENT 


tition or undue volume of surplus energy y will cause a considerable eduction 


ut jn dividends, , offsetting a any practical réduction rates. is” generally 
ng conceded that even if power was furnished free, the reduction i in ates in many 
To would be nominal because of the total costs of distribution. 


he proposed. development of the St. Lawrence River in the near future 
Pa | would throw into a field, already amply supplied, nearly 2: 2 000 000 hp of energy. 


y Can practical use be made of it without the serious depreciation of existing ee 
all bee on ‘complete plan should show how this block wt power will be marketed — 


ng at a benefit to the entire State and community. add Ta 
ale ‘The sum of the cost of Plans A, B, and C given in Table 1, Item No. 35 
“m™ § (or Item No. 85), divided by the sum of primary and secondary. horse- ~power, 
i _ Table 1, Item No. 9 (or Item No. 59), gives an average development of about 
of $80. In view of the. continuing improvements: in steam power ‘with its advan- 
he tages « of location favorable for transportation, markets, labor, and fuel, this 
ict average cost is not. financially attractive. on 3 on Ef q. 
ed On the St. Lawrence River the of) power and of navigation 


ng are closely related and interdependent. When navigation is possible for 
vessels of about 25- ft draft, the benefits to. Canada and to several of the 
States will be large. The effect: on the Barge Canal and 
ut the industries of New York State and New England will doubtless be harmful. 
In any case they will require broad re-adjustment. 
ite There ii is no doubt about the ultimate development of the St. Lawrence. 


rk - However, present conditions s throughout the nation, with large | electrical ‘ie 
ea _ Projects under way on the Colorado River, the Tennessee River, and in the 


he Columbia River Basin; suggest at least. that the St. Lawrence development. 7 

to : can be postponed advantageously to both countries. Reduced utility rates is a 

us Popular: slogan—a vote getter. Electrical appliances are No longer luxuries 

he American homes. If the “excessive. rates and unfair practices charged” 
i « against some companies are true, they can be regulated by equitable laws far 
y, more ‘economically for the average citizen than by ‘throwing a huge block of 
of power, without definite plans for ‘its utilization, imto an area now provided _ 


with surplus power. The writer has made no study of conditions in Canada. — 
«dO they are similar to those in the: United States, the safest plan would be to ; 
_ delay construction until the profitable use of | the additional power arises. aC 
is enticing vision to. power developments, ‘interconnected 


more profitable | increasing hours of a a plan 


be the Government reach the desired et - Does the history of Muscle oa 


nd assets without depreciation” until utilized. we 


hi Conclusion.—The writer’ s conclusion is a repetition of the ‘last sentence — 


4q le Professor Mead’s “Synopsis,” with a modification of his final words, ‘namely, 
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in ‘the near future of works the major power of the 


F. Harza,” M. Am. Soc. | (by letter).*—The author has done 
great service both to ‘Canada and the United States by his critical 
of the proposed official plans for developing water power along the Interna- 
tional | Section of of the § St. , Lawrence River. Since he has had no previous con- 

_ nection with any of the St. Lawrence River investigations, his anslysis. is 

unbiased by preconceived ideas. — On the other hand, the analysis may have 

fallen into error if the unit prices or other basic assumptions of Plan C are 

; - comparable » with Plans A and Boa question regarding which a difference 
The excess cost and its s equivalent, of. the two-project plan over either of 
the single-project | plans, is. ‘not so great, even after allowing for possible 
error, that exceedingly momentous reasons of absolute vital concern to the 
success of the project would need to be advanced to justify the extra cost and — 
It is important to realize that the best navigation nm facilities, i in combination — 
- with the best power development, are of paramount importance to Canada and 
the United States. _ Although power development i is secondary in general to 
a navigation, it is the prime requisite to Ontario and New ‘York. The “est 
plan” is that which provides, with maximum economy, the most satisfactory 
combined navigation and power : facilities, giving due consideration to: Physi- 
cal conditions, capital charges, cost of operation, ‘maintenance, renewals and 
repairs of structures, navigation, amount of primary power developable, relia- 


ist 


avigation.—It would seem that navigation merits far considera- 


a 


and 2 locks i in Plan B and 2 locks—there ‘being no ‘canals—in 


Plan 0. For fair. comparison, it would be 1 necessary, to add to the cost 
of f Plan A A the capitalized of the lost time ‘per r of ¢ all expected 


‘more, or 6 per round is to the 10 of 
a and 8 single locks of - Plan A, as compared with the double lock without 
canal: of Plan C. anticipated traffic in this waterway is to be realized, 
ee 4 the capitalized value ue of t this time mains well be a deciding factor in me ; 

Arguments Against the Single-Stage —In the last paragraph 


. A of his paper, the author states that he can see no valid reasons to justify the 
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_ trotiage plan which can outweigh the millions of dollars of value in favor s 

other plans. It would seem proper, therefore, to analyze the arguments: 
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‘The: following | objection is stated” in the Conference Report: 


as an alternative, the ‘International ‘Rapids ‘Section be improved by 
1S ill single-stage project, then control of flow must be secured by “operation: of oe 
_ gates and turbines at a power plant which will develop about ‘2 000 000. ica 


i _ horsepower. — This is not regarded favorably by the down river interests, 


since this single plant would serve a large and populous territory both in © wae 
Canada and the United States, and operation restrictions would be difficult 
_ to impose in view of the fact that it would be a dominant interest in the a 
served. Again, the additional flooding of land [15 360 acres, of 
_ which 9 600 acres are in Canada] and the extent of the embankments, along . ee 
some adverse effects at the end of the navigation season, ‘single- 


to by a member of the Section, when testifying the Canadian 


Committee on the St. Lawrence River development: 


_ “We insist that the control of the flow from Lake Ontario am not connected 
with a power plant having a capacity of several million horsepower. a _ 

; ideal plan would be the construction of a control dam for the flow only. But 

as this plan would involve the loss of a certain quantity of power which ‘may 

a become very valuable, and which has an ieamidians value to-day, we agreed 

to connect this dam with a hydroelectric plant of much less proportions, and > 
a which can be operated as a basic plant with a uniform load 24 hours a 

& day. * * * For this reason we favor concentration at two points—‘the - 


two- -stage development.’ The control dam for Lake would be 


Crysler Island, a few miles below the town of Morrisburg.” 


The safety 0 of the City, of Montreal is is referred® to in a statement ‘in the 


project of a 2- stage development in International 
- Section has been adopted instead of the original American project of a single- ary 
| stage development. The cost is slightly more, but the Canadian officials have ap. P a 1s 
& felt that the 2-stage development is desirable for many reasons, . amongst 7 : a 


We others for the complete assurance of the safety of the City of Montreal. ” - 


In analyzing the foregoing arguments the single-stage develop- 
‘ment, i it is enlightening to consider carefully the 2 000 000 hp. partly com- 
(fall of 1932), all- Canadian, single-stage development on the St. 


Lawrence River near Beauharnois, Que., and closer to. Gn fact 
- about 28 miles above) Montreal. In order to make this ‘development efficient, 


— 
~ economical, ‘and in accordance with the latest and best « engineering - practice, ne 


every feature of general arrangement was incorporated in it that 


is so strongly “objected. to in a single-stage international development, with 
the result that it stands for the “best plan” from the standpoint of engineer- _ 


3 See 1929, p. 4, 9. 
2 See First Annual Rept. of the Power Authority of the State of ithds York, p. 23. PE 
“Great Lakes-St. Lawrence Deep Waterway Treaty,” Publication Mes $47, Dent. 
“Beauharnois ‘Development of the St, Lawren e River,” by Ww. 
B Hlectricat 1938, Dp. 
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- seoured by the ore of gates and ‘turbines at a power r plant that will 
_ The is at the end of a 15 ‘miles 
dikes ' on both sides’ throughout its entire length. 1. The entire 
ist normal flow of the | river will: be used to carry” the ultimate load and, when 
art load is carried, the surplus water will, be. passed ‘through the sluice- 
gates yet. to be built across the main river channel at a ‘distance of more ‘than 
Since the general, physical conditions ‘obtaining at Beauharnois are 
‘stantially, the ‘same as those obtaining in the International Section | of 
‘river, (except i in respect to loss of Jand by submergence), it would. seem that. 
Beauharnois development stands i in mute refutation of the foregoing 


under Plan Bo or Plan 


proposed Treaty “between, the United States and Canada, 1 now 
1933) awaiting tatification. Upon this Treaty depends the joint expenditure 
of, $548 000 000, of which | sum, $274" 742 000 is a allocated to the two- -stage 


For many years prior to the issuance of the J oint Board’s. Reconvened 


poring dated April 9, 1932, it was known that a wide difference of opinion 


bse existed between the Canadian and American Sections as to the relative merits 
oa} the two-stage and single-stage plans of development. It was also” known 


‘most members of the ‘several American Sections of the J joint Board 


‘were “strongly opposed to the two- “stage and that “many arguments 
advanced in support of ‘such plan were not “considered those Sections to 


r _ It seems evident that the two-stage plan was adopted for the simple and 


- single reason that a one-stage plan could not. be agreed upon under the 
-Board’s instructions to ‘report on “a mutually satisfactory plan for the 


far from the best and most economical engineering solution 


Suggested Procedure.—The great. difference of ‘opinion revealed by the 
ace, sited | as to the merit of the two-stage versus the single-stage plans, raises” 


ge Sern doubt as to the wisdom of the ratification of the ‘Treaty as it now 
reads. It would seem that a speedy and satisfactory determination of the 
“best plan” | will be possible only af fter a final, critical analysis i is made of all 
available data pertinent to ‘Plans A, _B ¢ by an International Board, 
-eomprising all new members without preconceived or previously advocated or 

ideas to Before such a board the of 
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the adoption | of a plan which is is more expensive than the ‘ “best, plan;” but in 
_ doing so, the right of th the taxpayer and the ultimate ‘consumer to be correctly 
informed as to the extra financial burdens he must carry, y, should be considered. 


o If a fair international compromise is to be reached, it would seem that 
the country which prefers the “best plan” should not be penalized by being 


forced to carry the extra costs imposed by a less economical plan. Therefore, 
if for any reason of sentiment or otherwise. either country should prefer a 


: ‘more expensive plan, ‘the extra capital cost and the extra operating expense — 
a. should be determined and stated. In this way, both countries will understand ; 
in advance what extra ¢ cost is incurred because of the adoption of the 
| expensive val Such e extra cost could be 1 met by 1 proper allocation of see 


plan. Such wil of could also wilt the loss 


of agricultural land by the two « - countries. - Only the southern part of Canada : 


is climatically adapted to intensive d diversified and it is quite 
natural | to resent the greater sacrifice of land on its part. 
aa Under such procedure, the public mind will be ascured of the e superiority 7 
_ and | fairness < of the adopted plan, the opposition to this development will 


dargely disappear, ‘and the citizens of both countries will give to this great 
| 


© 


fine 


= hd ‘Unquestionsbly, either country has the right to prefer a to insist upon 
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98 _ ESTIMATING ECONOMIC VALUE. OF 


By Messrs. W. W. CROSBY, ROGER Morrison, 


W. Crossy,’ M. . ‘Ait. Soo. ©. (by letter)™. —A tenet, often advanced 
from certain quarters, is that the return in the form of economic transporta-— 4 


is ‘Professor apparent admission that this sordid: tenet is not 
always to e accepted, but there may be some uncertainty as to just how far 
he means to go | in emphasizing it. He states in the ‘ “Synopsis” “ that, except- 


ing: certain works to ‘promote safety, most construction work of State 
Highway I Departments and of cities s consists of Projects that: should go for-— 


only when they are justifiable economic grounds. He states further 


= most of the major improvements do not result in ‘a reduction of the 


3 annual cost of maintenance and must be considered on broader grounds, in 
order” to justify the necessary expenditures. On the other ha nd he ‘declares 


in most cases the ultimate ‘purpose of highway improvement is to per- 


__ Much seems to depend on just what intends the 
“economic” to mean, As the writer attempted suggest in a previous 


paper,‘ it may be used with varying meanings. "Professor Agg seems to mean 

it to be interpreted narrowly as “saving.” At the meeting of the Highway 

Division o: of ‘the Society in Chicago, Til, on J une 29, 1933, E. Mehren, 
-M. Am. Soe. ©. E., pictured’ the ideal highway system as one that is adequate 
for the traffic in each area served, properly marked, fitted with adequate a 
‘signaling devices, with grade crossings eliminated, with footpaths, “night 


Fighting, landscaping, and with comfort stations. to Mr. Mehren, 
Nors.—This discussion of the paper by Thomas R. Agg, Assoc., M. Am. Soc. C. E., 
=z at the meeting of the Highway Division, Atlantic City, N. I, October 10, 1932, i‘ 
_ and published in September, 1933, Proceedings, is printed in Proceedings in _* that 
os the views expressed may be brought before all members _ further discussion. | 


8¢ Received by the Secretary October 9, 1933 a 
#“Beonomie and Engineering Problems of Highway Location,” W. Crosby, 
_ M. Am. Soe. C. E., Transactions, Am. Soc. c. B., Vol. 91 (1927), p. 1007. 
Cwil Engineering, 19 
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Fe engineers and other officials are projecting their minds into the future re and 


preparing the way for safer, more comfortable, and less hampered traffic 
- How can such a vision materialize if engineers are bound by acceptance ad 
," the illiberal dogma based on cold economics ? Nevertheless, that materiali-- 
zation is yearly, if not daily, nearer reality i in places. 


Charles B. Breed, M. Am. Soe. E., in diseussing® the cost of highway 
‘transportation, has pleaded for a clear distinction between the cost and the 
of transportation. Both factors» must be. appraised properly to 
determine whether the expense is justified. A highway, according to Pro 


-— feasor Breed, ‘may be entirely commercia or it may serve partly for ‘school | a a 
transportation and for protection as well. Quoting: 

| “It may be impossible to express these values in money, yet these may be © 
so obvious as to carry unanimous public approval of a policy involving a “a 
road cost well above any saving that can be computed i in dollars | and cents.” 

— according t to the euthority quoted, the justification of most large 


re Discussing a paper by the late Stephen R. Mather on . “Engineering Ap- 
e plied to National Parks,” ? H. K. Bishop, M. Am. Soe. C. E, likewise deplored’ 


a tendency to think too much of economy in road ce construction and loos little | 
The writer adds his endorsement to the foregoing idealistic concepts and 
submits that the results obtained by the Westchester County (New York — 7 
¥, State) Park Commission already emphasize the importance of certain “in- 7 

tangibles” contected with any highway improvement, which more and n more 


nand in questions of highway engineering. ; 


a 


ae 


The paper is based on logical ‘Teasoning \ within certain, perhaps ‘narrow, 


monetary limits. One might dispute some of the author ’s assumed figures, 


and question the local acceptability of some of his “averages”; but probably - 


ir this would lead to no results of real value, - ‘because of the neglect of “fl 
ba 


Ru 

i=] 

Q 
Qu 


_ “intangibles” in the end. If he could evolve equ equations: with the “intangibles’ 
included, and a means for substituting ‘ “values” in them, highway planners 


might thin: welcome the | general. acceptance ofa mathematical solution of 


some of the most of highway questions. oraty 


especially timely now (1988) when those favoring ‘ ‘road- -building holi- 


days’ are considering only the amount of their taxes, while most of those 
: favoring more road building offer no reason for it except increased employ- 


ment. Both sides practically ignore the important, economic “questions in- 


Roger Monraison,’ M. A. E. paper is 


» 


a 


Proceedings, ‘Highway Research Board, Vol. 12, Pt. 1, p. 


Prof. of Highway Eng. Highway Transport, ‘Univ. ‘of Ann Arbor, 


Received by the Secretary 18, 1933. a gl 
(Sac 


gis 
| 
| 
4 
4 
| 
a 
— 
— 
— 
— 
| 
— 
bes 
— 
% — 


e reason for this, perhaps, is the necessarily complicated formula 
- ‘required i in order to include all factors for an indefinite time into the future. _ 
Actually, of course, the most painstaking» mathematical calculations are no 


more accurate than the basic data assumed, ‘such as the | life of the different 

parts of the highway and the -everchanging costs of -motor- vehicle operation. by, 

It would seem, therefore, that reasonably accurate results ‘might be 


tained by considering only the period covered by the life of the first pavement. 


If this is assumed to be, say, , 20 ‘years, then the value of the highway at the 


end of. that time can be estimated, ‘and the difference between that value and — 


the first cost is the depreciation, while one- twentieth of it is the annual depre- 


ciation. Periodic renewals of ‘such parts: of the highway as not last 20, 


a 


Under this method only the three items of And 
interest, need be considered in computing the annual cost. 


oo ft freely admitted that this method i is subject to attack from the stand- 
point of inaccuracy, and, also, that if an attempt is made to include in a 
formula - o operations involved, little may have been gained in the way a 


‘simplicity. For practical purposes, however, it does ‘not seem necessary 


5, 


& 


to include | all these operations in a formula, and the method may possibly 7 — 
be more easily understandable, and hence more likely ‘to be generally ee hg 
ke the formal method g given by Dean Age. His accurate formula, however, 7 = 1 
the standard by which any attempts at simplification should be judged. 

“More serious than the differences. between the various methods that may 
used in making calculations is the scarcity of up- to-date information as 
operating costs over various surfaces, particularly the so-called low- cost 
types which have been developed recently. With ‘the enormous sums involved i 
would that. the proper solution of these economic problems is ‘suffi- 
4 ciently important to justify every highway department in collecting data on on 7 iv f 
the cost of vehicle operation over different types of surfaces. wang 
word of caution appears to be desirable in connection with attempts 
to 0 evaluate a highway system by 1 means of an an economic : analysis, Tf an earth | . I 
Fr = road, for instance, is replaced by a pavement, there may be an average sav- 7 _ : 
ing of nearly 2 cents per mile for all: vehicles that would use the earth road a 
if the - pavement, were not there, but it does not follow that, , where extensive i 


te 
‘because pavements available), there is a similar saving for all 
vehicles: using the improved system. Without the pavements much of 4 


cn this travel would be. by rail, or would not be undertaken, at all, so that, to this 
‘traffic, “savings” indicated as computed herein, are largely imaginary. It is 


“proposed” h highway expenditures which Dean Age discusses, not expenditures 


B. ‘Pox? M. Au: Soc. O. E. (by letter).*°—This paper has 
= done much to > clarify current ideas, and to summarize a tangible method for = 


attacking the problem justifiable costs 3 of f improving a highway. It 


va 
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omewhat that more was not placed on some 


ot 

‘Highway Transportation Costs = Highway Costs Vehicle Costs 


should be somewhat ‘elaborated and qualified by p provisions ; that these 


‘costs: shall fall equitably « on those able and willing to pay; that collections: 
must b be made promptly ; and, that payments must be ‘sufficient to re retire out- 
a standing obligations when due. At times, there is a tendency to refer to 


the cost per ton- mile or per vehicle- mile that would justify improvement 


_ in the aggregate, omitting from consideration the ‘painful fact that a few 


constant and important ‘users of the new road will prods b by decreased vehicle- 


bonds retired from taxes on ‘abutting or on adjacent property. This is 
an unfortunate but archaic system followed under some State laws; and oun 
his phase | highway economics is beyond the | scope of Dean Age’s 
= it is hoped that engineers will rise to sponsor an equitable method d of 
improvements as well as a justifiable program. 
The assumption that from 2.5 5 to 3.3 cents per mile would 
for an allowance due to shortening of distance ‘seems fair and is borne out 
many studies.” ‘The same may | be said for the 0. cent per automobile 
saved i in changing from one type of surface to the next higher. 
= current notions of economics have undergone such serious ‘upsets in recent _ 
that it might be well: to apply a “factor of safety” to any calculation 


involving the saving per car- -mile multiplied by the total traffic per year. Such - 


studies usually assume a constant annual traffic that is probably nearly correct 

for commercial _ vehicles ; but a lower type of roadway discourages Pleasure 
4g driving and thereby affords a real saving, whereas a higher type of surface 
"encourages more pleasure driving (which operates at a lower cost) than a a 
— poor road. It has not been shown from studies , however, what percentage of B 
traffic i is chargeable to business and w what percentage to pleasure, which w ould : 
, “otherwise not be undertaken and which, therefore, cannot be credited to sav-— 
“a ings. The same ] philosophy - might be applied to the saving derived by shortened — a 
distance as with savings accruing from « operation on higher types” of Toads. 


Dean Age has done well in pointing out the ease of arriving at ‘such a ‘con; 


clusion by fallacious adaptation of the r esults of careful investigatio ons 


Bulletin 91, Iowa Eng. Experiment ‘Station, Ames, Towa. 
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STABILITY OF STRAIGHT ‘CONCRETE 


BYH. DEB. PARSONS, M. Am. Soc.C.E. 


DE Parsons,” 1M. (by letter). writer agrees 
_— Mr. Henny that shear is a more important factor than sliding, and that 
ins consideration of a safety factor should | ‘be based more on the former rather 
r a than on ‘the latter. ‘With good, hard rock, properly prepared ‘and roughened 


ha and with all loose parts removed, it is difficult to conceive that true sliding 
could occur. Under such conditions, sliding at the foundation plane could 
ay iy a take place only by shearing some of the rock, and the shearing str ength of 
rock exceeds that of concrete. With that is likely to soften 
under continuous water pressure, the danger is generally greater at the 


side abutment joints than under the central base of the dam. Security 
against su such weakness is best provided by a ‘suitable design. 


— If possible, the surface of a . rock foundation should be graded upward in — . 
the down- stream direction. Such grading gives a dam additional resistance 


ik 


_ to movement down stream, and, also, permits a component of any uplift: pres- 
sure to act up stream against the hydraulic pressure.* 


ae On a pervious soil foundation, thie is danger 1 that a masonry dam may 


‘slide, although, with a properly designed base, any sliding of the structure 
as if would carry some of the foundation’ material with it; that is, any sliding 
would cause shearing of the soil. For such a foundation, ‘the writer advocates 

a base, ‘and such sectional profile of the” that ‘the 
i reservoir water will add weight to hold the dam in position. _ This can be 


by designing the 1 up- p-stream face on a rather flat slope. 
a a intensity per unit of area of the uplift pressure on the base of a dam 


may be greater with : some classes of good rock foundation than with broken 


ee r fissured rock or pervious | soil. Under the latter conditions the hydro- 
Bay atin head | may be lessened since ) the y water has a freer exit from under the 


4 1933, Proceedings. This discussion is printed in Proceedings in order that the views 
expressed may be brought before all members for further discussion. 
Prof. Emeritus, Rensselaer Polytechnic Inst.; Cons. Engr., New ‘York, 
Soc. C. EB. » Vol. 95 (1931), D. 
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base Nearly all recorded uplift intensities are than that 

; wy an even gradient from reservoir surface to tail-water; * therefore, Mr. - 

-Henny’s proposition to ) estimate the average intensity a at 0.50 H should be - 

safe. In designing dams, especially those that are high and important, it is 


a to make assumptions that tend toward safety. 


The effective area of the base on which this intensity of ‘pressure acts 
cannot be predicted with absolute certainty in the case of rock foundations. 
As the rocks present many variable conditions, it is only by repeated investi- 

gations and the increased knowledge thus gained, ‘that effective area may be, 

approximated i in percentage of total area, that fair accuracy can 
“Tho pe pressure will not be pe distributed. If the effective 
area on which the uplift acts is, say, 35% of the total, the effective part of 
any selected ‘part of the total may b be more or less than this percentage. 
Grouting under the up-stream part ‘of the base of a dam will not remove - 
entirely the h hydrostatic uplift from under the structure, no matter | how well 


When the foundation i is a pervious | uplift can be on 


t 
the: full area of the base with an intensity diminishing from the up-stream a 
_ corner to the down-stream corner. While the uplift at the down-stream corner 
will | correspond to the tail-water head, the uplift at the up-stream corner will 
be considerably less than that due to reservoir head, depending on the - 
is efficiency of the cut- off. =. There should not be a ot off or obstruction of f any 
kind at the down- stream part. of the base that would prevent the water 
from having a free exit. Tf there is such ‘obstruction the hydrostatic uplift 
“brought out very clearly the necessity for making 
allowance for uplift force in the design of a dam, on either rock or pervious oa %% 
soil. For important dams, s, this allowance should be generous rather than 4 
meager. Considerable information of actual ‘uplift intensities under dams 


now available. > writer believes that foundation materials could be 

classified a and that to each could be assigned a safe a assumption | of “uplift, 

g e intensity. While the lower limit would be the tail-water head at the down- > aaa 
8 ‘stream corner of the base if - the tail- ‘water surface was above the base, and © Ape 
0 


zero if the tail-water was below it, the maximum limit, taken at the u up- stream 
corner of the base, would vary from a fraction of the reservoir head abov 
a the base to full reservoir head. ‘Thus, for a specific ‘class of foundation 
o: material, the maximum intensity could be taken at some figure between fHH . 7 
n < nd H, diminishing uniformly to tail-water head if above the base, or to the 


elevation of the down-stream corner if below. In like 1 manner, r, the | percentages — 


of he 


ctive areas of the base classified with reference to t 


13 “Hydrostatic Uplift Under Masonry Dams,”’ by H. M. Am. Soc. 
World Eng. Congress, Tokyo, 1929, Voi. IX, p. 295. 
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time by additional observations and researches, and 


writer avoids the expressions “heel” and “toe.” Dams are now 
Pp 


= with such a variety of shapes, that these heve become mean- 


 ingless as they have lost their pictorial Uniform ‘terminology should 


wd 
be encouraged, and better "expressions “up- -stream | corner” or “down- 


stream corner,” leave no uncertainty as to which edge of. 
the base is meant. - Similarly, it is customary to refer to “ “length” as | the axial 


- measurement of a dam from abutment to abutment, although Mr. Henny has — 
ml te the word as meaning the “ “width” of the base. Engineers should set an 


¥ example i in the use of correct | expressions when writing on technical subjects. 
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‘THE SURVEYOR AND HIS LEGAL _ EQUIPMENT 


By MEssrs. Ray SKELTON, WILLIAM BOWIE, R. ROBINSON 
oe ROWE, AND WALTER H. DUNLAP 


Ray SKELTON,” M. Am. Soc. | C. E. —The law of boun- 
daries is extremely complicated and characterized endless exceptions 

_ which Professor Holt has ‘not stressed. 4 However they are ‘mentioned, and 
it is important to note them, because ‘all principles laid down by the Court 
= regarding the control of conflicting elements are rules: of construction, and 


& 
as such may ay be departed from when their rigid application defeats the true 
Purpose of the. survey, namely, the. line in its intended 


Although the paper presents little that is new a 
its publication is it brings to ‘the. attention of the 


engineer the art of surveying.” The field of engineering has devel- 


oped extensively the past generation that school curricula are 
crowded and, consequently, the time devoted to the fundamental subjects has 
been ° ‘Unless a college offers an opportunity for a student to major 
x Pe ins surveying, ‘it is impossible for an instructor to teach more than routine 
; e procedure. While it is not desirable that the time be taken to develop skill, — 
is important. that the legal principles of boundaries be brought, to ‘the 


attention of the ‘student, and any course that does not contain ‘a discussion 
of the “art of surveying” is incomplete. Professor Holt’s paper is” an excel 
assignment for such an exercise, and its inclusion in’ a course” should 
give a student a new conception of the surveying, and a & 
‘a upon which to build if he follows the fascinating field of boundary work. vis i oe 
pea The ‘writer regrets | that Professor Holt did not include in his discussion 7 = 


of “A Cardinal Principle”, the decision A. Savage, of of Maine, 
«The cardinal rule for the interpretation of ‘deeds and other 


he instruments is the expressed intention of the parties, gathered from all parts 


-_. Norr.—The paper by A. H. Holt, M. Am. Soc. C. E., was published in September, _ 

: 1988, Proceedings. This discussion is printed in Proceedings in order that the views 

may be brought before all members for further discussion. 
8 Associate Prof., Coll. of Eng., Univ. of Maryland, College Park, Md. _ Prof. Skelton 

ss Perry v, Buswell, 113 Maine, 399, 94 Atl. 483, 484, 
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of. the instrument, giving each word its ue, fore and read in the light 


merely surmised. rule controls all others.” 


and that of J udge S. W. Sanderson,” of California, 


the only rule of much value—one which is frequently shadowed 
_ forth, but seldom, if ever, expressly stated in books—is to place ourselves as 
i. _ nearly as possible i in the seats which were occupied by the parties at the time 4 
the was executed ; then, taking it by the four corners, read it.” 


These citations | are admittedly vague, but they do ) define the Siuntiiien 
' “upon which to base an investigation for the determination of the true loca- 
tion, The sundry Tules of construction are merely guide-posts which may 


or may not lead one to an 1 understanding of the “expressed intention of 
“parties,” a and are to be disregarded if they point elsewhere. 


re 


> The writer, once based a survey on a width of street as 60 ft, _ whereas the 
legal width at the time of the conveyance was 50 ft, because he found docu- 
4 


m: ntary evidence on record that the parties to the transaction had 


"erroneously regarded the street as, 60 ft wide. "Consideration of this error. 
i ; enabled him a to Vi visualize “the seats which were occupied by the parties at the 


time instrument was ¢ execute to a in conformity 


common to ‘transfer properties without as survey, | 
frequently former descriptions — are copied without regard to changes that 


“affect them. | A st treet is widened and in a conveyance e subsequent to ‘the 


"widening a bintitiitinn that is correct with regard to the former side line of - 
the street is erroneously copied. If one follows the rule that —— 


street lines are to be interpreted as of date of deed; ‘he will arrive 


“3 ‘omission that he can establish a boundary i in conformity with their — 
a Unfortunately, landmarks are transitory, and as they disappear the ‘ a 
decay, and difficulties in interpreting the expressed intention develop. 

wa a knowledge of local history,” ‘therefore, is an important . part of a ad 
equipment, and no surveyor, however competent otherwise, ‘should 
in a strange ‘community. Furthermore, in writing a deed 
= t it is advisable to recognize the ‘temporal nature of all things and to base es 


description on the most ‘permanent | control available, | ‘that future | genera- 


tions can establish beyond a shadow of a doubt the expressed. intention 
the parties. “Iti is regrettable that i in many cities lawyers will start a descrip- 
a tion from a ‘theoretical point ‘which has no existence, despite the availability 

cs While it is true that little use has been made of the precise surveys mol 


es the United States Coast and Geodetic ‘Survey it is encouraging to observe 


81 Tebbets v. Estes, 52 Maine, 566; Syracuse v. Cook, 187 App. Div. 578, 176 N. Y. S., q 


“City Surveying for Title Examination,” by Edwin P. Clark, Brooklyn “Title 
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of the larger cities. With the co- operation of Mr. Edwin P. Clark, of th the 
_ Brooklyn Title Guarantee and Trust Company, the engineers in charge of 
_gub-divisions at Montauk Point, Long Island, adopted. a geodetic station 
the basis of | their local control. — A case has come before the Lower Courts 
‘involving the marketability of a title in one of these sub-divisions. The 
‘Plaintiff : claimed the description was such that he could not locate his an 
erty, but the Court held that inasmuch as any competent engineer could 
establish the lines, te ie was good and marketable. The case suggests the > 
‘desirability of following the technical description referred to the 
control, by a separate one which will identify the e property for the layman. , 
Recently, the writer has been considering the location of property lines. 
- disturbed by an earthquake. This question is by x no means academic; Charles 
Derleth, Jr., M. Am. Soc. C. E., in describing some effects of the San Fran- 
i” cisco ‘earthquake reports” that a property fence crossing a pipe line about 
wv ft to the south of a certain rupture was offset 7 ft along the fault line 
b and that the two pieces of the fence remained straight and parallel to their 
Inasmuch as an earthquake disturbs the boundaries themselves, its possi- 
= cannot be regarded as a weakness inherent to geodetic control alone 
and used as an. argument ‘against the adoption of such control. The > question 
the writer d desires to raise is: ' “How are boundaries adjusted a after such wal 


where the fault crosses a city, property of high value is involved. A sea = 
of law ‘reports has not as yet r revealed a single case that has come before ' the a 
Courts. Undoubtedly, ‘the property owners 1 recognized the catastrophe 
‘an act of God” and were ready to accept reasonable compromises. — In the 
- time of such disaster, relief commands the first efforts of all, and re- e-estab- 
a lishment of such. essential services as water and sewer demand the attention 
of. the engineer, but before reconstruction can begin, disturbed street and 
es property lines must be adjusted. ‘There | is no time for extensive situation 
urveys and careful consideration or the immediate recording of all adjust- 
‘ments. Information as to how this secondary but, nevertheless, important 


was treated, would be a valuable addition to the paper. Who git has 


Bown, “Am. Soo. Cc. (by letter)™*. —Every engineer, 
lawyer, and property owner should feel under obligations to. Professor Holt 7 
5 _ for the help that he has given them in this paper. Much of the confusion 
regarding the boundaries of public and private property could be avoided 3 
a careful -ordination of ‘the legal | and engineering aspects: of boundary 


concluding of the paper wh where. it 1 was s suggested that boundary 
4 monuments be tied into the precise surveys of the U. S. Coast and Geodetic id 


8 Engineering News, Vol. LV, No. 20 (May 17, 1906), pp. 548, 550. 
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Survey. dlls Holt’s suggestion can be followed now (1933) to. far 

_ greater extent than would have been possible a few years ago. More triangu- 

; lation for the: National fundamental net has been done during the past ten 
: years ‘than in the whole » previous. life of the nation. This increase has been 
entirely to the greater for. accurate control surveys. When there 


was a Jack of demand on the part of the people, Congress and the executive 


appropriations for the work. Now, however, they recognize that “control 
are a a public work of g1 great should be rushed to an early 
‘There now are, i in the" United States, approximately 40 000 miles of ares 
or chains of triangles. The widths of these arcs. vary. In flat, heavily 
wooded country the average width is from 6 to 8 miles. In mountainous 


areas the width of modern triangulation is 20 miles. The 


&, 
4 


12 miles from a ‘triangulation station. The strips of land lying 0 on each side 


of an arc, out toa distance of about are within easy reach of the 


The boundary situation could be ‘improved if if etch’ ‘State. or each county 


would run lines of traverse between contiguous | ‘triangulation stations with 4 


enough cross-lines” to form a traverse net. Tr raverse- lines could also be 
extended over the 10-mile strips on either side of the ares of triangulation. 
- Monuments should be set at frequent intervals along these lines. The travers- 
ing of the area now controlled by triangulation could be undertaken at once 
could be expanded to other areas as new triangulation is done. 


Buk There is no difficulty in running a traverse with an accuracy of at least. 


as good as 1 part in 10 000. This accuracy is, in ‘general, for 


farm property boundary s survey and for ‘property ‘surveys within the limits 
of a small settlement, such asa ae or small town. _ ‘The engineer with a 


AS 


steel or invar tape and a surveyor’s ‘transit, “reading | even to single minutes, 


a an. can readily obtain an accuracy of 1 part in 10 000° ‘in his traverse. _ This —_ 


4s recently been demonstrated by traverse parties in 1 North Carolina, working 


under the direction of the State Highway ‘and Public Works | Commission. wal 


ea of Long Island. In New re ersey, ie scale 


¢ 


maximum scale factor is somewhat 1 100 000. 


greater expanse of North Carolina results in a somewhat larger factor for | 


2 
ae nes that State, but one that is quite ‘satisfactory to. to the State Highway ay and 


Publi Works ‘Commission co-operated in the of the system. 7 


The Coast and Geodetic has recently ‘taken a long forward 


maximum of 1 part in 30° 000, for | a very small 4 


5 
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ae d 
a s Pe _ That means that 360 000 sq miles lie within the limits of the triangulation a 
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tudes, and azimuths (or true bearings), but who find no difficulty whatever = 
in using the results of such triangulation w hen the positions are computed — 
= rectangular system. Rectangular systems" will undoubtedly be 
F. for. other | States but, in many States, it will be — to have more than 
ith of lees 
e east-west or north- wonth: direction ¢ ean have a single 
eystem with scale factors not greater than 1 part in 10 000. 
_ The tying in of property surveys, whether public or private, to the triangu- 
lation system of the country safeguards the rights of the property owners. 
There will be little or no difficulty i in recovering, at any time in the future, 
a property line connected to control surveys even if all the monuments that 
were originally set, | have been destroyed. At Markers may be destroyed, but — 
co-ordinates are . permanent | as long as a few stations of the triangulation net 7 
of the country remain in place. The mortality of triangulation station marks _ 
is exceedingly small, and the property owner may rest assured that, when his a a 
lines. are tied into the National net, he always” able 
the State of New York the referencing of to the 
rational triangulation system has recently been given legal through 
a decision of the State Supreme | Court. this 


Rosinson Rows,® Ax. Soo. C. (by letter) *.—The “practice « of 
surveying has enjoyed unusual "prominence in recent publications of the 
Society, and there is need for much more. The comparison” by Mr. 
Greeley of the high standards and standing of the profession in “Canada, 
ie with the Kentucky decision of 1920 that surveying was a trade, is ‘not a great 
exaggeration, unfortunately, of the actual status. Professor Holt’s timely 
oa paper suggests not only a contributing cause, but also some of the remedies, 
Since the Profession of Civil Engineering includes ‘surveyors, inevitably 
time will level them—either to the rank of professions o or to the file of the 
rafts. Hence, the interest of all civil engineers, even though many do 


| an” The great demand for 1 resurveys of residential lots during periods of active 
construction has presented the opportunity for unqualified men to establish | 


themselves as surveyors. Experience as instrumentmen under competent 
party chiefs may have given them sufficient aptitude in the use of the instra- = 
by ‘mental equipment, but it did not often give them proficiency i in the use of ay 
“Tegal equipment.” Their surveys were ordinarily dependable, if acceptable 
‘monuments evident and the original survey well done. Usually, they 
depended “upon « offset lines « or witness corners of city or county ‘surveyors om ie 
and if, occasionally, they were 100. trusting in the infallibility of such officers, _ 
at least they ‘enjoyed a good alibi: When such evidence failed, still the survey Ts 


made; no problem was too difficult for a solution. ‘North was north, and 


Asst. Engr., San Francisco-Oakland Bay Bridge, San Franciacd, Calif. 
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ROWE ON THE SURVEYOR AND HIS LEGAL AL EQUIPMENT Discussions 


te "Their overhoed expense was nominal, on the 

- job, equipment rented or borrowed, residence telephone with a business classi- 

fication » and assistants paid by the hour. _ When. the depression ame, they 

reduced | prices and solicited business to busy. Since careful “surveyors 

lua not compete with such tactics, the business of the latter ' was soon 

limited to a small discriminating clientele, surveys of litigated property, etc. 

a _ Conflicts between such careless surveys, price-cutting tactics, solicitation, 
“and the type of man who now claims to be a surveyor, have made a trade 


lot and kindred yet ‘most of these men tried to do the 


= cutting and ‘solicitation, 


| 


for all, States; and such as Jaws ma may make to 
ass ure | an increasing respect for the profession. ~The following suggestions 
offered a as initial steps toward definite remedies: 


_ Pirst—A piled or standard ds practice for surveys and resurveys should be 


compiled and published, including ethics, common law, and minimum re- 


— 


quirements for accuracy and monumentation. The code might determine the 
_ availability of one surveyor’s notes ‘to another, or require the making of a 
public record of the restoration or perpetuation of monuments, or even require 


or witnessing of monuments in danger of obliteration. dite 


AM Second. —Digests of common law, statutes, and decisions should be com-— 

a; showing for each State, if different, the statute of limitations, leading 
ruling decisions on adverse possession, acquiescence, riparian boundaries, 

proportion, and all other matters which have led to litigation with ‘admitted | 
facts, and, also, liability, of surveyors for damages resulting from | mistakes 


nm Third.—An investigation | should be made of the possibility of legalizing 


arbitration as a means of determining boundaries, where the decision must © 
a an be based | on facts rather than on law. Such procedure. would save | none 


Fourth.—The desirability of assuring the ol should be 
ascertained by an investigation of legal phases, probable costs, possible de- 


mand, and ethics involved. — _ Buyers of real property usually insist upon | title 

guaranty or insurance, presume that possession - is proof. 
fie between deed description and lines on the ground as indicated by the seller. 

Further i insurance might be demanded if ‘available. dens 


The cost would be that of a a careful survey, premium on the e risk, and: a 


nominal for and certificate. The writer can conceive some ad- 


— 


Lb 100 ft was 100 ft, in the description and on the ground. These surveyors — 

a = 
| | 
— 
h Jack of conscience, led to price- | 
unfit and educating the fit in 
equipment and ethics of surve ing; compiling for all surveyors, the 
the legal equipment and ethics o ying; 
— 
7 
— 
at 

= 
| 
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of property, ‘its proposed use, and particularly by the development up to 
property line, as well as the ability of the engineer (based at first upon 
-yeputation and later on merit rating). ‘Hence, the careful scrutiny of the 
insurance companies would eliminate irregular surveyors from this: class of 
work by setting high premiums. On involved surveys, the insurer might 7. 
require consulting “surveyors or attorneys to review the work, There would 
be a tendency of owners ordering uninsured surveys to prefer the services of 


principles that should govern the conduct of resurveys. ‘Until 
4, and many other principles of law Ane ethics are recognized by surveyors, 
the profession will remain a trade. iit di 
Warrer H. Doustar, Assoo. M. Am. Soc. C. (by letter). —Iti is diffier 
ae to add to, or subtract from, Professor Holt’ s excellent exposition of the lega = 
principles pertaining to boundaries. ‘The discussion herewith aims to present 
- an historical background to account for, and to illustrate, the aan set 


and as ‘as rewards” for public regardless of the fact 
such land was already occupied by others to whom he had previously granted § 


it. 1684, the rapacious and unprincipled Lord Culpepper, whose chief 
interest. in ‘Virginia was exploitation for his own profit rather than benefit _ 
to the suing colony, was confirmed by the Crown i in hi his title to the Northern 
= of Virginia, being that slender peninsula lying the Potomac 


| time little ¥ was known of the country west the line (Fred- 


Shenandoah Valley, whereupon Lord Fairfax, grandson of Culpepper and > 
heir to the Weathers: Neck, claimed all the land between the two rivers all Py 
¥ the way back to the source of each, which was quite an indefinite boundary. 
Fairfax later established himself in the Valley at “Greenway Court, "near 
Winchester, a and proceeded to: dispose of his lands in parcels: ealled “quit 
claims, His surveyor was George Washington. oul} chats bus 


Re In the meantime, ot others had settled ot on the land. About the time (1607) 
‘ of the first permanent ¢ colony ; in America ; at Js amestown, ‘James I also rate) 
in the northern part of Ireland a colony of picked men and women from — 
ai Scotland, and by the beginning of the Eighteenth Century the colony” had — 
‘hiomaas strong : and its textile industries so prosperous as to engender violent — 
jealousy on the part of English manufacturers. Religious intolerance and 


economic persecution drove of these Presbyterian Ulstermen to 
Asst. Engr., Public Utilities Comm., Dist. of Columbia, Washington 
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became. a kind buffer State against the Indians. They stopped it in 
sylvania long enough to learn the wisdom of purchasing rather than grabbing» 
land from the Indians; but this policy” was not so easy to 


because the Valley of Virginia was the common hunting around: and, con 
the battleground of several warlike tribes. 


“Tl alls. them the first real long 
_ before the Cavalier settlements i in Tidewater ‘Virginia: had ceased to give full : 
‘ae loyalty to the Crown, these rugged settlers, exposed to Indian warfare from 7 
S _ which they were entirely unprotected by the Crown, recognized no earthly 
v - sovereign. When Fairfax undertook to claim “their” lands, stubborn disputes 7 
followed, ‘which were carried on in the Courts fo for a full hundred years. qos 
The present doctrine of Adverse Possession ‘hed Squatter’s ‘Rights ‘is 
| undoubtedly based in considerable measure on the law as developed i in those 
_. long drawn-out legal battles between the Cavalier proprietors and the Puritan | > 
squatters. . Thomas Jefferson has sometimes been called the father of Ameri- 
ean independence and the Shenandoah Valley its cradle. 


ia Retracing Old Boundaries. —Land titles i in Eastern Kentucky present some , 


difficult and. interesting problems in the application of the principles 


During the last decade of the Nineteenth Century and the decade of 
the present century, land organizers in ‘Eastern’ Kentucky were very 


4 ‘simple or or for mineral rights to to’ as many prrornnn parcels a as s possible i in n the 
; effort to block up areas sufficiently large to justify large-scale mining opera- 
tions. One of the most successful of these organizers was the late J ohn C. C. 
a. - In 1906, Mr. Mayo o outlined an area of about 30000 acres errr in John- 
‘ son put lawyers to work and organized a of 


to form 1 great in 1 turn, were divided into 
7 tie lines. Latitudes and departures were computed for closure and for co- -ordi- 
= nates, which latter were used i in mapping. The metes es and bounds: of every 
‘separately owned tract were then run out by land s surveyors with compass and 
tape, and tied into the transit traverse for control. ™ 


The | survey was s platted on 2 sheets of ‘mounted paj paper 5 5 ft wide by about 
ith a 


At any time an owner was ‘inclined tos 


many cases it found necessary to have the surveyors run out not 


the lines called for in the deed, making notes of fences, 


well. These patents merit a deseription, 
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(1988 DUNLAP ON THE SURVEYOR AND HIS LEGAL 
| 
About 1775 white men began to settle south of the Ohio River, and for 
the next twenty- five years, or more, the authorities of Colonial Virginia 
and the new State of Virginia granted to various persons letters patent to 
ne. large, indefinitely described, unsurveyed or partly surveyed tracts of | land in 
the eastern mountainous part of what became in 1792 the State of Ken- 
_tucky. a! The new State likewise granted patents for such tracts, neither is 
knowing nor greatly caring that much of the land was already covered several 
ayers” deep by such grants, or that bona fide settlers actually occupied it to an 
About 1800, “these mountain settlers began to take out. patents covering 
the: narrow meandering strips of bottom-land they had cleared. These grants, 7 
as “blacksnake surveys” from their shape, were followed some years 
later by larger surveys made for the purpose of including the mountain land — 
to or beyond the top of the ridge. 
practise of the old surveyors i in making these surveys is well authenti-_ 


= They actually ‘measured the ‘metes and bounds along one side of the 


clearing, using standing trees as corners, which they marked and described. 
At the beginning tree and | ‘at the last | tree of this measured traverse they 
usually sighted the compass roughly in the direction desired, recorded: 
the bearing, and went back to the house. In the ‘ “office” they platted this 


base line and drew other lines which they judged » would enclose the areas 


desired. In writing the description they protracted and scaled the lines not 


“measured in the field, and described each of the unsurveyed ‘corners as 


marked by a stake . The Gemniytion always closed with the words ‘ 5 


aining blank acres more or less.” oe ee 


a When these old descriptions are re-run in later years, one or more of the 


_ marked trees of the base line can often b be found, but the distances almost. 
invariably fall appreciably s short of those recorded by ‘the early” surveyor. 


_ The problem of how to adjust the old stake calls to the ee base then 


basie p: of land sur surveying is that the description mu must be reason- 


of the recent survey as correctly describing th the Tine from one | Known 1 marked 


- change in magnetic declination , but i it is more e difficult ore a solution, 
~ that will adjust the stake calls more reasonably. than any other that may  - 


by an opposing ¢ claimant. 


‘The usual procedure is to plat the original description and—if_ it closes 


well and if the acreage approximates that intended to be enclosed 7 
the original proprietor—to claim that the stake calls not 


u - but real lines, surveyed on 1 the drawing- board ‘rather than on the ground, and 


orange or less truly to the area in . the ‘minds of the surveyor and his | 
employer. | This reasoning and the principle that lines may be run backward 
5 well as s forward permit the entire error "to be thrown into the first stake 


more reasonable to o throw 
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» +o the line from the last stake to the beginni ae = 
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= 


wt —Itisa ‘difficult pr salinity at best; it is not an academic one at all, a 
7 ~ such surveys are very, very numerous, and the coal l underlying t the surface is : 
valuable. In tracing such descriptions the sur surveyor + must proceed with 2 confi- 
dence, because one or more of the adjoining land owners usually accompany f 
the survey party, and the men of the Southern Appalachians are notoriously 4 
' contentious for their rights. Land disputes constitute the n major cause at the | 
Toot of most of the family feuds among them. gel 
The old surveyor usually measured directly the slope rather than 
7 ont the horizontal, and was not too careful i in chaining to Keep 1 to the ‘straight — 
line connecting the points. Asa “consequence there was much overlapping 
surveys from opposite sides of a a ridge. Some surveyors kept the chain 
a tally by tying knots in the leather thong at the end of the chain, and if one 
or more nots “were lost, in dragging the chain through the bushes, error 
must — to the old : surveyors whose mistakes are emphasized 
herein for the purpose of describing the problems presented to the land sur- 
_ -veyor of the present. Most of their work was as good: as could d be expected 


with the apereae-ae and help at hand, done « as it was at a time when a _ 


which are now worth thousands of dollars. 
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DEFORMATION OF STEEL 


MEssRs Davis, AND d. R. WORCESTER 


= ‘mind by ‘designers of structures in 1 which concrete is used, ‘this ; paper is made a 
writer has observed the results of long-time sl in the it in 


frames, followed by ‘the ‘binding of doors, and the cracking of 
It is evident that the shortening of the unreinforced top, by shrinkage, must 
a be greater than the shortening of the reinforced bottom, and that this relative + 

, change in length ‘must be | accompanied by an increased deflection ¥ which does 

not impair strength, but i is a cause of anxiety to the owner of a building 1 when 

doors bind and partitions crack. These results can be avoided by using» 
adequate steel beams under ‘partitions, or by using, in the top | of reinforced 


- beams that carry partitions, an area of reinforcement approximately equal t to a 


author suggests that further experiments may ‘yield data about shrink 


a ‘edie of both beams and columns. | The data: cited in this paper appear ae 


Ee justify such an expectation in the case of columns, but the case for | mee 2 
is. very different. on Fig. 8, Professor Sergev states that some 


days and under “Qaleulated Theoretical Stresses he states that “all ‘beams 


under pbscrvation had no theoretical end restraint.” 

—The paper by Sergius I. Sergev, Esq., was “order in October, 1933, Pro- 
ceedings. This discussion is printed in Proceedings in order that the views expressed may 


Cons. Engr., Albany, N. 
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‘The bending moment at | the 2 center of the beam must: t'be counteracted by a a 
 iags moment that can only « exist if there is tension at the bottom. If there . 
is no tension in the steel, the concrete must be i in substantial tension despite — 7 
‘that should not be considered “dependable tension. 
: In the case of the beams in question, it cannot be shown that ‘the « concrete 


was not stressed almost to the point of rupture at 850 days. These 


observed under dead load only. = he application of the live. load might 


value ¢ given by the formula of the Joint Committee on ‘Specifications 
“Concrete and Reinforced Conerete. That formula never intended, and 
does not profess, t to s show the stress intensities that actually “prevail prior 
i. to rupture of the concrete. ~The formula is predicated on the acceptance of the 
— fact that concrete is not reliable j in tension and that rupture is likely to oceur. 
- Just as long as concrete is unreliable in 1 tension, such tests as those described : 
% this paper, despite an excellent showing for the tensile quality of the on 


crete, cannot justify any modification of the beam formulas now in general use 
R. Worcester,” M. Aw. Soc. C. E (by letter) striking example 
is presented in this paper, of the effect of the shrinkage of concrete during» 
_ the process of hardening and for some time thereafter. . Although the | fact 
that shrinkage, under normal building conditions, is‘to be expected, 
- although the likelihood of stresses" in the reinforcement at variance with the ~ 
design assumptions has generally y admitted, there has been little 
information, until recent years, as to. the extent of such variance, 
is the speed y with which it may devel 
As the author agrees, the results give insufficient. data for the 


of general rules for design, not only because of the comparatively small num- 
of members tested , but. particularly because the tests were not carried 

far enough to develop even the stresses under the design 1 load, not to mention 
_ the stresses at the ultimate load. It is true, as ‘suggested, that it seems incon- 
— to base designs upon conditions of load that are not expected ever to 
ae reached, but the impossibility of securing a desired factor of safety, without 

_ ‘knowing what happens after a working load is passed, is apparent in the case 

of the beams described in the paper. — It is evident that with: the dead load 

alone the tensile strength of the concrete was not exceeded. No light is shed 
‘on what would have developed with a slight increase in load. © rhe 
a: _ Professor Sergev’ s assumption that the beams + were freely supported at the 
does not seem to be by the details ‘shown in Fig. 1. It would 


would have modified some of the calculations involving the beams. The maxi- 
eee - mum positive moment under the dead load would have been about 40 000 ft- Ib 


te instead of 71500. Under this moment the tensile fib fiber ‘stress in the concrete 
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have been only about 355 1b per a stress that might well have 
been resisted without fracture. It is obvious, however, that with a compara- 


tively slight increase of load ‘the concrete would ‘and the tension 


in the reinforcement would have been increased. Re 
Perhaps the most s surprising result obtained in this investigation was that 
“the rich mix [used in the lower section | of columns } defeats the purpose for 
which: it was intended.” _ Apparently, this is due to the shrinkage being 
- greater with the richer mix. The greater ‘stress in the steel from this cause © a 
would probably continue as the load increased until the stress: in the s steel : 


reached the yield point, but : at that: point there would be a a ‘re- -adjustment, and 


There will be g 
“shrinkage should be as a 
tions should be altered to include the effect of shrinkage of he conerete ‘both 
on n the steel and on the concrete.” In the matter of beams, where the effect of 
shrinkage i is to increase the danger of cracks i in the concrete, it is not “apparent 
‘wax 
how the a assumption that the concrete carries no tensile stress can be | 
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DISCUSSIONS _ 


ie 


2h IMPROVED ‘TYPE OF FLOW TER: 


HYDRAULIC | TURBINES 


B. Srrowaer’, Esq. (by letter).“°—The flow meter described by Mr 
‘Winter, seems to be in fairly wide use e in the « case of ‘relatively recent hy- | 

draulic turbine installations. _ This has been brought to the writer’s attention 

by the i increasing number r of turbine tests made by the Gibson method where 

rating of casing piezometers is specified as a part of the work. the 

_ turbines tested under the direction of Mr. Gibson during the four years 
(1929-1933), nearly on one-half have had casing -piezometers installed. The 
_ inference tl that may be made f from this trend is that some, or perhaps all, » of 
So advantages pointed out by ‘Mr. Winter for the installation « of these piezom- 


eters, are becoming generally recognized, 


kh thirty- ‘three recent tests by the Gibson ‘method, the ‘exponent, in the 
 author’s Equation (10), was found to 1 vary ry from 0.484 to 0. 544, the average 
value being 0.517. These data seem to to confirm the author’s Conclusion (5) 
which states that the value of the « exponent, n, is substantially 0.50 (see, also, — 
‘Equation (9)). The 1 relation between the computed value of P and the 
a value is expressed by : the coefficient, C, of the author’ s Equation (3). In a 
a tests” cited this coefficient varied from 0.65 to 1. 27, the average value being — 
0.99. These values roughly check Mr. Winter’s experiments involving the 
range in from 0.75 to 1.25. This ‘relatively wide spread i in the value of 
ix, 3 is probably accounted for ‘mainly by (1) the assumption that the velocity at 
a aie each of the taps can be calculated by use of the vortex law; and by (2) 
Bais neglecting the effect of the centrifugal force of the water as it flows around — 
the case. This wi wide variation in makes it impossible to use the casing 
-piezometers as a primary method of water measurement but, as pointed out 
= by the author, the piezonieters should be rated by an an approved method, , such 
the Allen or Gibson method, and thereafter may be for 


paper by Ireal A. Winter, Assoc. M. in 
1933, Proceedings. Discussion on this paper eared in Proceed as 
ey _ lows: : August, 1933, by Messrs. C. Maxwell Stanley, R. C. Johnon, and E. A. — 
Buffalo, Niagara & Bastern Power Corp., Buffalo, N. Y. 
by the Secretary July 26, 1988. 


— Now 
— 
— 
— 
| 
| 
— | 
— 
— 
| 
= 
— _ 
— 
— 
— 
— - a 
— = 


N ovember, 1938 : STROWGER ON IMPROVED TYPE OF FLOW ween 


q In the and “metering is in important, of 
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as indicated the author. thor, “3 


je’ — 

7 


60) 


| 
— 
| 
— 
*Tulrgate discharge. Some allowance must be made for the Possible és 


Ri 
— 
— . sg 
— 
— 
— 


= 
Report of T ellers on Second Ballot Official Nominees 


a MERICA OCIETY oF CivIL ENGINEER 7 

: “The — appointed | to canvass the Second Ballot for Official Nominees report 


Ballots not signed 1 
Ballots from members who have died ‘since a3 


Ballots canvassed 

= Vice-President, Zone I: Vice- I resident, Zone 


For ‘District M. Reppert 


"Frederick i. McDonald 


: 4 
“Frank A. 206 


| 


peettally submitted, 


L. Huw, 


EN * According to Article VII, Section 4, of the Constitution, in the erent of a tle vote, 
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_ APPLICATIONS FOR FOR ADMISSION pon FOR TRANSFER 
WOISIMOA 
i The Constitution provides that the Board of Direction shall elect or reject: 


the eligibility of candidate, the Board depend largely upon 

list is issued 
such | available information, and every is urged to scan 

at ‘monthly list of ‘candidates s and | to furnish the Board with data i in regard — 
t" to any applicant which may aid in determining his eligibility. Iti is the Duty 

~ of all Members to the Profession to assist the Board i in this 1 manner. | yours ios 
especially urged, in ‘communications concerning: applicants, that a 
+ Definite Recommendation as to the Proper Grading in Each Case be given, 
= inasmuch as the grading must be based upon the opinions of those who know a 
_ the applicant personally, as well as upon the nature and extent of his ‘pro- | 

- fessional experience. _ If facts exist derogatory to the personal character or 

to the professional reputation of an applicant, they should be promptly com- _ 
‘municated to the Board. Communications Relating to Applicants are con- 


sidered by the Board as Strictly Confidential. = | 


Board of Direction will not consider the applications herein con- 


MINIMUM REQUIREMENTS FOR ADMISSION 
q 


de 


to design as well as to 5 years of im- 
Bi direct work S5years | 12 years portant work 


0 


ments or practical experience years 5 years of im 
co-operate with engineers portant work 


Graduation from a school of engineoring of recognised reputation | is equivalent to. as vet active 
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ss does: not necessarily mean that such members endorse. — 


HOW 
FOR A DMISSION 
BARDIN, WILLIAM JOSEPH, Senn, ¥, ARTHUR RICHMOND, Pitman, 


"7 Cal. (Age 24.) Refers to H. Chadwick, N. J. (Age 22.) Road Supervisor, Borough 
J.C. L, Fish, H. H. Hall, L. Reynolds. of. Vineland. Refers to H. N. Lendall, 


‘BARRETT, EUGENE VINCENT, White J: A. 
Plains, N. Y. (Age 31.) Testing Engr., Civ. JAROS, STANLEY FRANCIs, Columbus, 
Eng. Testing Laboratory, Columbia Univ., Ohio. (Age 22.) - Refers to C. T. Morris, 
New York City. Refers'to A. H. Beyer, R. C. sot 
T. Heatley, G. P. Hevenor, W. J. Krefeld, KINSELLA, JOHN RICHARD, Newport, 
J. 8. Peck, GE. Strehan. = = Ky, (Age 27.) City Engr. of Southgate, 
BEAYV IN, BEN ‘JAMIN EVERETT, Anna Ind., and member of firm, Thiel & Kinsella: 
jis, Md. (Age 81.) Asst. Chf. Engr., ‘Refers to W. L. Glazier, A. Neuffer, R. 
napolis Pyne, F. L. Reed, M. D. Ross 
ers to 3ryant, urwe KIRCHGESSNER, CARLE JA 
Dryden, H. R. Hall, R. B. Morse, G. J. ing, Mich. (Age 29.) Bridge Designer with — 
Requarat, A. “Wolman. Highway Dept. Refers to 
CHAPMAN, LAUREN BOCK, Berkeley, Cal. G. W. Brush, J. H. Cissel, R. E. Everett, 
(Age 133.) Refers to H. Alexander, A. L. M. Gram, C. A, Melick, Stanley, 
Brahdy, W. M. Paddock, Perrine, H. D. Van Eenam. 


CHAYABONGSE, _CHAMRAS, Washington, (Age 31.) With Design and Estimat- 
D.C. (Age 24.) Refers to J. B. Babcock, in ing Dept., McClintic Marshall Corporation, — 
$d, T. R. Camp, C. M. Spofford. Refers to A. R. Graves, M. G. 
Evans, F ‘McCullough. 
‘DOWNS, LEONARD ‘VAUGHN, land, Onio, (Age Industrial Ener. 
“Refers to H. T. Daniels, C. H. Fowler, 
Colo. (Age 25.) Jun. Engr., U. ‘s. Bureau 
z= Refers to Henny, French, H. J: Hassler, H. 8. ‘Jacoby, 
Houk, W. C. MeNown, F. A. Russell, Summers, 
DYSART, ARTHUR, Seattle, “Wash. (Age (Age 26.) Supt. and Field Engr. for Con- 
Archt. and Engr. Refers to E. BE.  tracting Engrs. Inc. Refers to R. M. 
Bowen, H. M. Hadley, F. Beanfield, H. Friedman, R. R. Martel, A. 
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Sinks, W. F. Way. J. Smith, F. ‘Thomas. 


t 


ELY, RODNEY BUSHNELL, Balboa ‘LEW Is, CHARLES ALEXANDER, Phoe- 
Canal Zone. (Age 31.) Jun. Engr., 2 nix, Ariz. (Age 32.) Bros., Engrs. 


The Panama Canal. Refers to B. & Contrs. Refers to H. Brown, F. R. 
Fletcher, W. Godfrey, R. C. J H. E. V. Miller, 
R. L. Klotz, E. S. Randolph. 


FRANKLIN, GEORGE EDWARD, Dallas, McGRAW, WILLIAM HAROLD, Oakland, 
_ Tex. (Age 46.) Supt. of Streets and © Cal. (Age 27.) Jun. Bridge Constr. Engr., | 
Bridges. Refers to J. A. Focht, J. San Francisco-Oakland Bay Bridge. 
“ Fowler, K. F. Hoefle, O. H. Koch, J. E. — fers to C. BE. Andrew, J. 8. Bates, O. R.- 
Pirie, W. J. Powell, E. A. Wood. C. R. Harding, G. G. W. Rear, A. 


FRIEDMAN, SAM STANLEY, Brooklyn, N. Roake, D. R. Warren. — a 
(Age Refers to H. Codwise, MAY, DAVID CHAPIN, Cal. 
tas —«#. P. Hammond, L. F. Rader, EB. J. Squire. 30.) Asst. Engr., Metropolitan Water eo 
GEYER, GEORGE, New York (Age of Southern California. Refers to G. 
f 40.) Refers to G. Lindenthal, J. I. Rooney, Baker, E. A. Bayley, J. B. Bond, R. 
FB. R. Schmid, Z. H. Sikes, H. T. Welty.) - Diemer, B. A. \. Eddy, H. G. Matthews, W. \ W. 


45.) Major, Engrs., O. R. C., Ss. ‘MILLARD, LESTER WARD, Lansing, 
Army; Prof. and Head of ‘Dept. of Geology, Mich. (Ag e 35.) “Acting Bridge Engr., 
- Georgia School of Technology. Refers to { Michigan State Highway Dept. Refers to 
R. P. Black, F. H. Frasuer, B. P. Mc- 1 J. B. Bebb, J. H. Cissel, R. F. Rey, H. # 
W. M. Robinson, Jr., S. B. Slack, Shuptrine, “Wasson. 


GREENE, ROBERT, Bronx, N. (Age ore San Cal. (Age 29.) Refers 
26.) Eng. Asst., Bureau of Design, ‘Borough A. Harris, Jr., I. M. Ingerson, T. R. 
Pres. of Bronx. Refers to E. Fox, ag H.  Smitherum, ¥. “Tibbetts, 


GEORGE MATTHIAS, New York ORR, GERRY MITCHELL, Little. Rock, 
City. (Age 33.) Asst. Engr. on vault sur- Ark. (Age 25.) With M. K. Orr Contr. 7 

Dept. of Public Works. Refers to Co. Refers to E. Anderson, D. B. Cut- 
N. A. Alexieff, H. de Anguera, N. 8S. Fu- ler, F. A. Gerig, A. M. Lund, » me 9 Rhyne, 
_leihan, J. Goodman, | Lucchetti, : C. Sellers, V. H. Smith, Wz Zass. 


HB. B. Nelson, PADILLA, GUSTAVO EUGENIO, Humaceo, 
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thur, Tex. (Age 29.) Draftsman with the of the Interior, Puerto 
Pexas Co. Refers to L. B. Ryon, Jr., Ww. Font, R. A. Gonzalez, § W. W. x 
” 


PHELAN, PAUL FREDERICK, Port. Dist. _ Refers to G. 

‘(Age 20.) Refers to A. Diefendorf, C. Fritch, E. P. Goodrich, Horton, 

PRISADSKY, VLADISLAV ALEXANDER, ~. A. -Touceda, W. J. Wilgus. 

Seattle, ‘Wash. (Age 22.) | Refers to I. VAN “WINGEN, NICO, Long “lies. 

G. E. Hawthorn, C. May, C. C. (Age 22. Refers to W. W. Michael, F. 


TATLOW, RICHARD HENRY, III, Wash- WEIRICK, FRITZ HENRY, Olathe, Kans. 
ington, D. C. (Age 27.) Asst. to’ Admin- Age 28.) Refers to L. E. Vopees, tle 
istrative Asst. to Administrator of Fed- oodrich, H. T. Person. 
‘a eral Emergency Administration of Public | WEST, CARL MILAND, | Seattle, Wash. 
‘Works. Refers to T. W. Allen, J. F. Cole- (Age 25.) Refers to I. L. Collier, G. 
man, F. M. Cortelyou, F. R. Dungan, C. L. Hawthorn, C. C. May, C. C. More, O. A. 
H. J. Gilkey, J. H. Gregory, J. Piper, R. G. Tyler. 


B. Reynolds, A. L. Sherman, C. Shoe- 
4 City. (Age 24.) Draftsman with Spencer, 
maker, W. E. Wilbur. Prentis. Refers to A. Haertlein, 


TEN EYCK, PETER _GANSEVOORT, Al- | G. Paaswell, E. A. Pren- 
N..Y¥. (Age 60.) Chairman, Albany tis, R. Ridgway, C. B. Spencer. 


TRANSFER” 


CARPENTER, LEWIS" VAN, Assoc. Knight, G. _Lingley, C. ever, 
Morgantown, W. Va. (Elected Nov. 15, ‘EB. F. Miner, J. A. Tosi, L. W. West. 


= 37.) Head of Dept. of Civ. WILLIAM 
Went pate Cons. "New York City. (Elected Junior March 
Blair, Jr “G. P. , 1915; Assoc. M. Jan. 17, 1921.) (Age 41.) 
‘R. P’ Davis. F Asst. Prof. of Civ. Eng., Columbia Univ. 
B. Davis, F. C. Foote, M. G. Mansfield. — Refers to A. H. Beyer, J. K. Finch, A. G. 
CROSBY, HEWITT, Assoc. M., Port Jeffer-— ‘Hayden, R. P. Miller, G. E. Strehan, W. H. 
gon, N. ¥. (Elected Oct. 5, 1909.) (Age Yates. © 
Gen. Mer. and Chf. Engr., Long Island 
“hem,” Pa. CNplected April 38, 1928) Cage 
ow 
Deutschbein, J. W. Doty, G L. Freeman, : ten Research Associate Prof. of Eng. Ma- 


A. B. Ha , G. R. Jol A. Wey terials, Lehigh Univ. Refers to R. L. Ber- 
Weymouth tin, C. Booth, H. Gonnerman, F. B. 
DUNCAN, DANIEL TOMPKINS, Assoc. M., -MeMillan, F. E. Richart, C. H. Sutherland, — 
Greenwood, S. C. (Elected June 9, 1930.) a M. Westergaard. 

(Age 37. In engineering ractice. 
Refers to J. Anderson, S. C. SKYTTE, JOHANNES, Assoc. M., San Fran- 
AB. K. Legare, F. H. Murray, Cal. (Hiected July 12, 1926.) (Age 
W. E. Rowe, E. W. Schoder, F. J. Seery, 40.) Hydr. Eng. Designer, Hetch Hetchy 
HAMMELL, CHARLES EDWARD, Assoc. H. Nishkian, F. C. Scobey, L. 
ves 


Cincinnati, Ohio. (Elected Dec. 14, 
1885.) (age 56.) Senior Engr., U. 8. Eng Stocker, D. R. Warren. = 


Office, Office of Sector Engr. s Ohio River SMITH, SCHUYLER MORTON, Assoc. M., 
Sector. Refers to F. B. Duis, C. L. Hall, Ng _ (Elected May 31, 1916. 
_L. S. Johnson, H. H. Kranz, W. H. Mc: (Age 45.) Bridge Engr., St. Louis County 
Alpine, L. H. Prell, W. S. Winn. Highway Det. whe F. 
HOWE, JEROME WILLARD, Assoc. M., reen, F. G. Jonah, 
“Worcester, Mass. (Elected Dec. 15, i924) -R- A. Van Ness, A. R. Wilson. 
(Age 47.) Prof. and Head of Dept., of 7 THEIMER, OTTO FREDERICK, Assoc. M., 1 
Eng., Worcester Polytechnic Inst. Re- Brno, Czechoslovakia. (E lected Jan, 18, 
fers to C. M. Allen, J. W. Childs, D. C. 1926.) (Age 40.) Cons. Engr. Refers ia 
Coyle, A. D. Flinn, A. W. French, W. Hed- A. P. Andersen, W. A. Cocast, K. Imhoff, — 
A. B. A. ‘Lindenthal, F. L. Stuart. 


Grieg: 


Fitzp at +k. H d n, R. M. Hod es City, Iowa. (imected Oct. 10, 1927.) 
G. patrick, B. L. “Weiner. atid 30.) Inspector with Iowa State 


Comm, Refers to R. A. Caughey, P. D. 
BELL, M(plected. 1 1988) J. Dodds, E. W. Dunn, 
Engr. with Clyde Potts, Cons. Fuller, M. B. Morris, A. E. 
York City. Refers to C. T. OLCOTT LORIN, Jun., Reading, 
W. Gavett, M. den H. Kolyn, H. N. Lendall, Pa. _ (Blected | Dec. 15, 1924.) "(Age 31) 
Potts, H. Rockwell, S. N. RD, Asst. Hydr. Engr., W. S. Barstow Ce 
: Refers to H. K. Barrows, a 
A. F. Smith, Jr. © 
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_ CARNIG, Blandford, Engr. Bxaminer, Federal Emergency Ad- 
(Blected_ Oct. 14, 1929.) (Age 81.) Asst. of ’Publie Works. Refers to 
+Engr., Springfield. Water V Cobb! C. Blomgren, I. N. Carter, I. C. Craw- 
“Mountain Reservoir. ford, L. Lee, A. P, Ludberg, Cc. BH. Sherman. 


D. Chase, M. Everett, , PORTER, EARL LEONARD FRANKLIN, 

w un., Alma 8. ecte c 31.) 

‘Tighe, E. H. Wright. (Age 32.) Jun. Engr., U. Engrs. Refers 
NOBLE, JOHN HENRY NEIDLINGER to F. Bass, E. J. Christenson, S. Cutler, 

Jun., Morrisville, Pa. (Elected March 16, M. Leland, H. S. Schick, R. Aa Vogt. 

1925.) (Age 31.) Engr., Wire Rope Div., 

“TUDOR, RALPH ARNOLD, Jun.,— ‘Oakland, 
John A. Roebling’s Sons Co., — Cal. (Elected July 14, 1930. ) (Age 31. 
ONS, ou to M. Hirschthal, R. 8. John- — Senior enn | Engr. of Bridges, Div. 
‘William: J, of Highways, California Dept. of Public 

oge Works... to C. BE. Andrew, R. 
VERNON, ‘Jun., Boise, Davis, F. W. Panhorst, c. Purcell, N. Cc. 
(Blee ed Feb. 10, 1930.) 28. Raab, G. B. Woodruff. 


The Board of D Direction will consider the in this list net less thay 
‘thirty days aft er the | date of aT ROT 
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